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AGATHON ALCOY STEELS 


‘Toe is, perhaps, no part of a motor where 
the proper analysis of alloy steel is more 
essential than in the transmission gears. The gear 
case is the death chamber of inferior steels. 

The list of motor cars and trucks using trans- 
mission gears, made from some one of the 
Agathon Alloy Steels, is a long one and includes 
most of the best known cars made in America. 


If your problem is the selection of a proper 
analysis of steel for your transmission gears or 
any other highly stressed or wearing part of your 
car, let our metallurgists help you solve that 
problem in our extensive laboratories without 
cost to you. Our booklet,“‘Agathon Alloy Steels,” 
is interesting and free for the asking. 


We have daily production 
in all kinds of commercial 
alloy steels such as— 

Nickel, Chrome-Nicke}, 

ma, Molybdenum, 
Chrome - Molybdenum, 
Nickel-Molybdenum, Van- 
adium,Chrome-Vanadium, 
, etc. 

Deliveries in Blooms, Bil- 
lets, Slabs, Bars, Spring 
ree Hot Rolled Strips, 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 
“Si a. ae ee ee 
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THE STEEL TREATERS’ MOVEMENT 


An editorial from Iron Age, Oct. 18, 1923. 


Hl demand for an organization such as the American 

Society for Steel Treating was strongly demonstrated dur- 
ing the week of Oct. 8 to 12 in Pittsburgh. At its fifth annual 
gathering this society successfully put through a technical pro- 
gram and a steel exhibition which would reflect credit on a 
much older body. In the quality of the papers presented, in 
the scope of the products exhibited, and in the attendance, the 
meeting was a surprise to some of the most ardent steel 
treaters. 

A feature of the convention from a technical standpoint 
was the high standard set by the program as a whole. In a 
single session the names of some of the most prominent 
metallurgists of the country on the list of participants made 
it an occasion that recalled meetings only a few years ago 
of the steel section of the mining engineers. A second feature 
was the general youthfulness of the membership, testifying 
to enthusiasm in their work and to the impelling power behind 
the accomplishment of the future. Here, in a comparatively 
new field, or one in which scientific knowledge, methods and 
apparatus are transforming a crude art, are possibilities from 
which much will be heard in the near future. 

The exhibition, commercially and in every other way, was 

success and now ranks close to the older one which is a fea- 
ture of the annual gathering of American foundrymen. There 
vere some suggestions that there is danger of giving too 
nuch prominence to the commercial side. It is hoped that 
the commercial features will not be overstressed or to the 
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point of detracting from the technical possibilities of so 
ising an organization. Besides the usual showing oj 
treating equipment of all kinds were the attractive ex 
of large and small steel companies and machine too! 
terests. 

The new society is thus affording a meeting place, not 
for the steel treater and metallurgist, but for all steel ma 
and users who would have American steel products bh 
to the fullest extent from the scientific advance that is n 
prominently before the industry. 


STEEL TREATING FIELD EXPANDS 








An editorial from Jron Trade Review, Oct. 18, 1923. 


MERICA’S youngest of the larger technical organizations, 

the American Society for Steel Treating, continues to at 
tract attention by its vigorous growth. At Pittsburgh from 
Oct. 8 to 12, the society held the largest convention and ex 
position it has yet attempted and the unqualified success was 
a tribute to the sound and mature judgment of the manage 
ment. Within three years, or since formation of the society 
in 1920, its membership has grown 50 per cent, or to approxi 
mately 3000 members. The membership is open to “the man 
at the fire’ as well as to the metallurgist and the plant ex 
ecutive and the society is proud of the fact that it has been 
able not only to retain its membership but has been able to 
show gains in all classifications. 

As is widely recognized the art of heat treatment has 
made its most rapid advance since the war, thus it is only nat 
ural that the American Society for Steel Treating in its 
growth and activities should reflect the increasing interest in 
that field. Registration figures at Pittsburgh showed the de 
gree to which the organization is doing that. Total registra- 
tion reached nearly 1800 of which 1492 were listed as members. 
With a net membership of 3000, the attendance of this year’s 
convention was nearly 50 per cent and about 10 per cent bet 
ter than at Detroit last year. Technical sessions at which 
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treatment problems were discussed were unusually well 

led. The exposition covered one-third more space than 
1922 and yet was not sufficient to provide for all applica- 
ns. During the five days the doors were open it is esti- 
ted over 40,000 people passed through, thereby establishing 
new record. 

\lready the society is feeling need for expanding its field 
and is developing a new constitution defining its scope. As 
organized at present the purpose of the society is “to promote 
the arts and sciences connected with the treatment of iron and 
steel” and refers more specifically to the treatment subsequent 
to the manufacture of the material. In the utilization of 
alloy steels, the manufacture is becoming an important con- 
sideration. In addition, certain nonferrous metals are demand- 
ing attention as regards heat treatment. ‘Therefore, appreciat- 
ing the importance of the rapidly widening field the purpose of 
the society in the proposed constitution has been made to read 
“to promote the arts and sciences connected with either the 
manufacture or treatment of metals, or both.” 

The proposed broadening of the field of the society is 
logical, even though the “manufacture of metals” is almost 
limitless in its scope under unrestricted interpretation. If the 
proposal is adopted and the society directs its attention to the 
treatment of metals and to such phases of their manufacture 
as are pertinent to their subsequent treatment or use, it will 
be found the field is sufficiently large to absorb all the energies 
of members of the organization for years to come. 


SOME TRADE PRESS COMMENTS ON CONVENTION 


I ( IS indeed gratifying to us to read some of the interesting 

comments made by several of the trade publications in their 
reviews of the Fifth Annual Convention and Exposition of the 
\merican Society for Steel Treating. 


In a twelve-page review of the activities of the convention 
| exposition the Jron Age of October 18, says in part, that— 

“An organization which can successfully stage a technical con- 
ution and exhibition of the high order and magnitude of the 
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one held in Pittsburgh, October 8 to 12, by the Am: 
Society for Steel Treating, at once ‘takes its place in the 
POSS ible 
after only four years of existence is the striking fact. 

event, both from the technical and exhibition standpoint, 
become one to be looked forward to with keen interest. 


rank of societies of this class. That this has been 












of a total membership of over 2700 there was a registered 
tendance of nearly 1500, exceeding any previous meeting. 
membership registered at Detroit a year ago was about 1250 
In expansion, enviable progress was made in that the net 
increase in membership in good standing last year was about 
18.75 per cent. 


“The technical sessions without exception were feat 


eq 





by large audiences and an enthusiasm naturally the accom 
paniment of a large group of comparatively young men. | he 
papers on the whole compare favorably with those in the pro 


grams of some of the much older technical organizations. 







“The steel exhibition was the most successful of the kind 
ever held anywhere and it was also the largest. [Entire sat 
faction was voiced by nearly all those who had booths, many 
of them reporting excellent business booked or in_ prospect 
The experiment of not opening the exhibition until afterno 

9) 
of each day appeared to be a success. 



















[RON TRADE REVIEW 





The /Jron Trade Review of October 18 in a nine-page re 
view of the exposition and convention, makes the following 
comments :— 






“Without reservation the Fifth Annual Convention and 
Exposition of the American Society for Steel Treating held in 
Pittsburgh, October 8-12, may be judged the most outstanding 
yet conducted by that society. Registration reached a total 
of approximately 1800 of which 1492 were classified’ as mem 


bers. Thus on the basis of a total society membership 








3000, the attendance represented almost 50 per cent, a figure 
probably never before reached by the larger technical 
ganizations. 


“Technical sessions in the morning were held at. thie 
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am Penn hotel, while the afternoon meetings were con- 
ed at Motor Square Garden, where the exposition was in 
ress. Attendance at these meetings was unusually large 
mav be attributed to the facts that no simultaneous meet- 


were held and the opening of the exposition was arranged 


to offer little interference to the operation of the pro- 


oram. Motor Square Garden is located six miles from down- 
town Pittsburgh, but in spite of this, the attendance there 

ke all previous show records, it being estimated that up- 

rds of 40,000 people passed through during the five days. 
rwo floors were devoted to the exhibits which represented a 
considerably wider range of equipment than last year. The 
total floor space was about one-third larger than in 1922 


nevertheless it was necessary to refuse many applications.” 
CHEMICAL AND METALLURGICAL ENGINEERING 


Chemical and Metallurgical Engineering in its October 22 
issue devoted four pages to a review of the exposition and 
convention. A part of this review is as follows: 

“The Fifth Annual Convention and Exposition of the 
\merican Society for Steel Treating at Pittsburgh the week 

October 8 was a great success from every viewpoint. 
It was well attended, the papers presented at the technical ses- 
ions were excellent and the discussions following these papers 
vere lively. The exposition was one-third larger than last 
year and was visited by 60,000 persons. 

“The steel exposition was held at Motor Square Garden, 
vhich, though 6 miles from the William Penn hotel, the con- 
vention headquarters, proved to be an excellent building for 
uch an exhibit.. Gas, air and electricity were available, and 
onsequently a large portion of the exhibit consisted of actual 
ndustrial operations. Real progress in heating methods, test- 

methods, control devices, heat-resisting metals and other 
ractories was evident.” 
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FIFTH ANNUAL CONVENTION AND EXPOSIT 


EYOND all fear of contradiction, the Fifth Annual ( 
tion and Exposition of the American Society for Steel 
ing held in Pittsburgh, Oct. 8 to 12, was an unqualified s : 
From the standpoint of the quality and number of exhibits «: 4 
exposition, the high quality of technical and practical pape: 
sented at the technical sessions, and the unprecedented atte: 
of members and guests, mark this convention as unequalled |) all 
previous ones. 


The members of the Pittsburgh chapter are to be congratulated 
upon the very successful way in which they did their part toward 
the success of the convention and exposition. It was largely due 
to the untiring efforts of all of the Pittsburgh chapter members 
that the convention and exposition was such a decided success, 
proving to be of great interest not only to the technical man but to 
the practical man as well. 

The number and variety of exhibits at this convention was 
fully one-third larger than the number exhibiting at the Detroit 
convention last year, and the amount of floor space used in pre- 
senting the exhibits was fully 50 per cent larger than that used 
last year. The exhibits were assembled on the main floor and 
subfloor of Motor Square Garden, the booths in the subfloor hav- 
ing an Egyptian setting. One of the main features of the subfloor 
was that of an exact replica of the tomb and mummy of the 
ancient Egyptian ruler, King Tutankhamen. The main floor was 
very artistically decorated and presented a most attractive and 
pleasing picture. Many live exhibits were in operation. Music 
was furnished both afternoon and evening by a large band on the 
main floor and by an orchestra on the subfloor. 


For those who were unable to be in attendance at the Pitts- 
burgh convention, an outline of the activities undoubtedly will be 
of interest. The principal technical papers were presented at the 
morning sessions in the ball room of the William Penn hotel. The 
exhibition hall was open in the afternoon and evening only, so that 
the members and exhibitors might have the opportunity of attend- 
ing the technical meetings. The opening meeting and first technical 
session was held at 10 a. m. on Monday, Oct. 8, at which time 
W. J. Merten, chairman of the Pittsburgh chapter presided. Atter 
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address of welcome by Mr. Merten, J. Trautman Jr., general 


an 


chairman of the Pittsburgh chapter convention committees gave an 
address of welcome on behalf of the committee; following Mr. 
Trautman was H. M. Irons, representative of Mayor William 
Magee, who welcomed the society to Pittsburgh. A. L. Humphrey, 
President of the Pittsburgh Chamber of Commerce then gave an 
address of welcome on behalf of the industries of Pittsburgh. 
President Tillman Danis Lynch of the American Society for Steel 
Treating then gave a speech in response to the previous speakers, 
thanking them for their very cordial welcome to the Steel City. 
\fter the preliminary speeches, the meeting then entered into its 


technical session, the program consisting of the following papers: 

The Manufacture of Automobile Leaf Springs—C. G. Shontz, 
metallurgist, Perfection Spring Co., Cleveland. (Presented by title. ) 

Metallography and Testing of Oxyacetylene Welds—J. R. 
Dawson, research metallurgist, Union Carbide & Carbon Research 
laboratories, Inc., Long Island City, N. Y.7 

Some Observations on Furnaces and Fuels, Including the 
Electric Furnace for Heat Treating—E. F. Collins, consulting 
engineer, General Electric Co., Schenectady, N. Y. 

The Tempering of Tool Steels—J. P. Gill and L. D. Bowman, 
metallurgists, Vanadium-Alloys Steel Co., Latrobe, Pa. 

Abnormal Grain Growth in Cold-Rolled Low-Carbon Steel— 
\. E. Hillman and F. L. Coonan, metallurgist and assistant metal- 
lurgist, Crompton & Knowles Loom Works, Worcester, Mass. (Pre- 
sented by title.) * 

The official opening of the exhibition was at 1 p. m. All regis- 
tration of members and guests took place at Motor Square Garden. 
\t 3:30 p. m. the afternoon technical session was held in the 
meeting room at Motor Square Garden. The program for this tech- 
nical session is as follows: 

lhe Annealing of Sheet Steel—Francis G. White, metallurgical 
engineer, National Enameling & Stamping Co., Granite City, III.** 

Automobile Sheet Steel Specifications—H. M. Williams, metal- 
lurgist, General Motors Research Corp., Dayton, O. 


Published in October, 1923, TRANSACTIONS, page 467. 


Published in August, 1923, TRANSACTIONS, page 162. 
D> 


iblished in August, 1923, TRANSACTIONS, page 121. 
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TuEsDAY, Oct. 9 


Tuesday morning at 9:30, the morning technical 
was opened by the chairman, A. H. d’Arcambal. The progr 
this session was as follows: 

Measurement of Carbon Penetration in Carburized Steels—s. P. 
Rockwell, consulting metallurgist, Hartford, Conn., and Frederic 
Downs, chemist, New Britain Machine Co., New Britain, | 

Case Hardening and Other Heat Treatments as Applicd | 
Gray Cast Iron—H. B. Knowlton, instructor, Central Continuati 
school, Milwaukee.* 

The Influence of Barium Carbonate upon Wood C/ i! 
Used for Cementation—B. F. Shepherd, Metallurgical department, 
Ingersoll-Rand Co., Phillipsburg, N. J. 

Salt Baths and Containers—Sam Tour, metallurgist, Doehler 
Die Castings Co., Brooklyn, N. Y. 

The Thermal Treatment of the Light Alloys of Aluminum and 
Copper—A. M. Portevin and Francois LeChatelier, Paris, France. 
(Presented by title.) 

At 3:30 p. m. a Round Table discussion under the direction of 
the Standards committee was called to order by Chairman Rk. M. 
Bird in the meeting room at Motor Square Garden. At 9:30 p. m 
the annual smoker and entertainment, sponsored by the members 
of the Pittsburgh chapter was held in the ball room of the William 
Penn hotel. This entertainment was attended by large numbers 
of members and guests and the vaudeville stunts which were pre- 
sented were indeed interesting and entertaining. The members 
of the American Society for Steel Treating look forward each year 
to the smoker and we are sure that this year’s program did credit 
to the members in charge of arrangements. 


WeEDNEsDAY, Oct. 10. 


The annual meeting of the society was held at 9:30 a. m. 
on Wednesday, Oct. 10, in the ball room of the William Penn hotel, 
president T. D. Lynch presiding. As the first order of business, 
President Lynch requested that each of the chapter delegates arise 
and announce their names for the stenographer’s report. Twenty- 
four chapters were represented by official delegates. 

*Published in October, 


1923, TRANSACTIONS, page 494, 
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The next order of business on the program was the 
from the tellers of election which was read by C. G. Shontz 
man of the committee. The result of the balloting was pu 
on page 449 in the October issue of TRANSACTIONS. The 
elected officers are as follows: for president, one year, Dr. | 
K. Burgess, director of the Bureau of Standards, Washington: {, 
second vice president, two years, Robert M. Bird, engineer of tests. 
Bethlehem Steel Co., Bethlehem, Pa.; for treasurer, two 
Dr. Zay Jeffries, research bureau, Aluminum Co. of Am 
Cleveland; for director, two years, J. Fletcher Harper, resear: 
gineer, Allis-Chalmers Mfg. Co., Milwaukee. After the tellers 
report, president Lynch called for the newly elected officers to 
arise so that they could be officially introduced to the membershi 


ewly 


Cars 
rca 


el) 


President Lynch then presented his annual report of thi 
activities of the American Society for Steel Treating for the yeai 
1922-23, which is published in full, commencing on page 57] 
of this issue of TRANSACTIONS. 

Upon the conclusion of the report, the meeting then extended 
a hearty vote of thanks to President Lynch for his report and 


very capable leadership during the past year. 


The next order of business was the report of J? V. Emmons, 
national treasurer of the society, who read and interpolated his 


financial report for the last fiscal year. Mr. Emmons’ report is 
as follows: 


“In reporting the financial status of the society, attention is 
first called to the Certified Financial statement for the year 1922 as 
published in the TrRANsAcTIONS of May, 1923. This statement 
was the most complete ever published by our society and in fact 
was more complete in detail than any statement that has come to 
my knowledge from other societies. 

“Since the last annual meeting, the sum of $3,000 was set 
aside by the board of directors for the principal of the Henry 
Marion Howe Medal fund. The sum of $10,000 was set aside 
from the proceeds of the 1922 convention as a permanent conven- 
tion reserve, in order to fortify the society against disaster from 
a financially unsuccessful convention. The principal of these two 
funds was invested in United States government bonds. 

“During the year 1922, the society not only lived with its in- 
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me. but made substantial additions to its reserves and surplus. 
“At the beginning of the year 1923, the finance committee 
established a budget of expected receipts and expenditures for the 
vear based upon our experience for 1922. This budget was sub- 
divided by the treasurer into monthly items. 
“The following is, therefore, a report of progress for the first 
eight months of 1923: 


“The budget expected receipts, exclusive of convention, for the 


> 


ight months ending Sept. 1, to be $33,084 with expenditures of 
$32,559. The actual receipts were $37,270.01 with actual expendi- 
tures of $34,963.50. The receipts were, therefore, $4186.01 or 12 
per cent above our budget expectations. Our expenditures were 
$2404.50, or 7.4 per cent above our budget expectations. Our re- 
ceipts, therefore, increased faster than our expenditures. The 
surplus on Aug. 31 was $11,406.38 of which $673.25 was miscel- 
laneous accounts receivable, $3011.25 advertising accounts receiv- 
able, $2514.24 office furniture and fixtures, $962 inventory of paper 
and bindery stock, $4245.64 working cash.” 

The membership unanimously accepted the treasurer’s report 
and extended a hearty vote of thanks to him for the very capable 
service he rendered during his two years in office as treasurer of 
the American Society for Steel Treating. 


W. H. Eisenman, national secretary of the society then pre- 
sented his annual report which is published in this issue of 
[RANSACTIONS, commencing on page 578. 

The report of the national secretary was unanimously accepted 
by the membership and a hearty vote of thanks was extended to 
him. 

The next order of business on the program was the report by 
Robert M. Bird, chairman of the national Standards committee of 
the American Society for Steel Treating who reported the treatise 
on pyrometry by Sub-committee IV, and the tentative recommended 
heat treating practices for carbon and high-speed tool steels of 
which Sub-committee I, which appeared in the September, 1923, 
issue Of TRANSACTIONS; likewise he reported the progress made 
by the other two sub-committees, namely Sub-committee II, that on 
the general heat treatment of steels and Sub-committee III on case 
hardening of steels. 
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Mr. Bird went into considerable detail pointing out so 
the difficulties that the various committees had encounte: 
carrying out their work. He reported that during the round 
discussion session held by the Standards committee, on the pr 
day, many of the problems encountered by the various comn 
were discussed in detail. He indicated that it was the se 
the round table meeting that the name of the present “Standard 





A Booth on the Main Floor of Motor Square Garden 
(Courtesy of Jron Trade Review) 


committee” be changed to “Recommended Practices committee” and 
that this opinion would be given to the Board of Directors, for con- 
sideration. 

He also pointed out that the three national societies namely, 
The American Society for Testing Materials, The Society of :\u- 
tomotive Engineers and The American Society for Steel Treating 
have definitions of heat.treatment terms which are basically in 
accord with each other but differ in minor details, and in conse- 
quence a Tri-Society committee was made up of a representative 
from the controlling committee of each of these three societies. 
This Tri-Society committee has met at frequent intervals (and 
through correspondence) in an effort to establish a uniform set 0! 
heat treatment definitions. Mr. Bird said that our representative, 
John E. Halbing, had reported to the Standards committee tha‘ 
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[ri-Society committee has been unable to arrive at a con- 

sion. 

Mr. Bird pointed out that there is a vital need for a common 

of heat treatment definitions and that it was his opinion that 

ere is no other society or agency under which the work of at- 

ning such a set of definitions falls so properly as it does to the 
\merican Society for Steel Treating and it was his hope that the 

ciety, would actively undertake this proposition during the next 
year. 

Following Mr. Bird’s report a motion was made by A. W. F. 
Green that it is the consensus of opinion of the meeting that the 
name of the present ‘Standards committee” be changed to ‘Recom- 
mended Practices committee” and that this suggestion be trans- 
mitted to the Constitution and By-Laws committee. A short dis- 
cussion was then held concerning the differences in the definitions 
of various heat treating terms. A vote of thanks was extended to 
the members of the Standards committee and its Sub-committees for 
their very capable work during the past year. 

The next order of business was the report by S. M. Havens, 
chairman of the Constitution and By-Laws committee of the 
\merican Society for Steel Treating, who outlined in considerable 
detail the work that this committee has been doing the past year, 


pointing out that it is advisable for this society to revamp its pres- 


ent constitution so that it would more nearly comply with the laws 
of the principal states and especially the state of Ohio, under 
which the Society is incorporated, and as a result the committee 
had drafted a proposed Constitution and By-Laws which would, 
if accepted by the membership, replace the one which we are now 
using. This proposed draft of the new Constitution and By-Laws 
had been distributed by mail to all members of the society during 
the month of August. 


Copies of the “Proposed Constitution and 
By-Laws” 


were then distributed among the members for ready 
reference in respect to the various changes therein and Mr. Havens 
then took up, point by point, the principal variations from the 
present constitution, for the purpose of discussing them. He 
pointed out that these proposed changes in the constitution are not 
in their final form but were submitted as suggestions for the dis- 
cussion and approval or rejection by the membership. He indi- 
ated that while the Board of Directors had approved the draft 
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as it now stands, the matter of adopting it rests entirely with 
membership and that it should be very carefully considered and 
discussed prior to its adoption. 

Considerable discussion was held in reference to the chan 
of the Society's name due to the fact that the object of the 
ciety which originally pertained to “the promotion of the arts and 
sciences connected with the treatment of iron and steel” had been 
proposed to read “the promotion of the arts and sciences « 


nected with either the manufacture or treatment of metals, or 
both.” With this change in the object of the Society activities to in- 
clude metals other than iron and steel it was suggested that the 
Society's name likewise be broadened. Such names as the Ameri- 
can Society for Metal Treating, the American Metallurgical Institute, 
the American Society for Steel Treating and Metallurgy, etc., were 
suggested. The majority of those present at the meeting con- 
sidered it inadvisable to make any change in the name of the 
Society at the present time. 

Considerable discussion was held pertaining to Article 10 of 
the proposed constitution relating to the number of officers and 
the Board of Directors of the Society. The delegates from the 
Detroit chapter proposed certain changes with reference to the 
method of the selection of the national Nominating committee. 
After considerable discussion the Detroit delegates withdrew their 
proposals. 

Some discussion pertaining to the selection of the Nominating 
committee ensued and a motion was then made and carried that 
it was the consensus of opinion of the assembled members, that 
representation on the national Nominating committee of the 
American Society for Steel Treating should be by chapters, that 1s, 
each chapter of the Society should be represented on this com- 
mittee. It was further moved and approved by the meeting that only 
one representative from each chapter should have membership on 
the Nominating committee. These motions were in the form of 
recommendations to the national Constitution and By-Laws com- 
mittee, with authority to work out the details necessary for proper 
application of the principle involved. 


The Wednesday afternoon technical session was held in the 
meeting room of Motor Square Garden at 3:30 under the chairman- 
ship of J. J. Crowe. The program for this session was as follows: 
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The Manufacture of Heavy Forgings—W. R. Klinkicht, fore- 

heat treating department, Pollak Steel Co., Cincinnati. 

Determining Heat Treating Costs—H. F. Wood, metallurgist, 
\Vyman-Gordon Co., Ingalls-Shepard division, Harvey, Ill. (Pre- 
sented by title.) 

Practical Heat Treatment of Carbon, Alloy and High-Speed 
Steel Tools—J. J. Jones, metallurgist, Pittsburgh. 

Spark Testing of Steel—Don Stacks, consulting metallurgical 
engineer, Hartford, Conn. (Presented by title.) 

Some Fundamental Defects of Hardened Steel—Dr. Leslie 
\itchison, Birmingham, England. (Presented by title.) 

At 9:30 p. m. the annual informal dance of the Society was 
held in the Ball room of the William Penn Hotel. This party was 
very well attended and all spent a very delightful evening. 


THourspay, Oct. 11 


The. morning technical session was held in the Blue room of 
the William Penn Hotel and was called to order at 9:30 
by Professor H. M. Boylston. The following papers were pre- 
sented at this session: 

Effect of Heat Treatment on Lathe Tool Performance and 
Some Other Properties of High-Speed Steels,* by H. J. French, 
Jerome Straus and T. G. Digges was presented by H. J. French, 
physicist of the Bureau of Standards. 

Secondary Hardness in Austenitized High Chromium Steels, 
was presented by E. C. Bain, research metallurgist, Atlas Steel 
Corp., Dunkirk, N. Y. 

The Hardening of Steel,** by Dr. Zay Jeffries and R. S. 
\rcher, Research Bureau, Aluminum Co. of America, was pre- 
sented by Mr. Archer. 


Crystallization of Iron and Its Alloys, by Professor Albert 


Sauveur, professor of metallurgy, Harvard University, was pre- 
sented by title. 


Experiments on the Effect of Temperature on the Impact 


rT) Ss 


Kesistance of a Low-Carbon Steel Which Has Been Worked or 


“Published in September, 1923, TRANSACTIONS, page 353. 
**Published in September, 1928, TRANSACTIONS, page 263. 
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Deformed at Different Temperatures by N. Richardson and Fk 
MacNutt, Watertown Arsenal Metallurgical Laboratory, was 
sented by title. 


s 
At 2:30 p. m. the Hardness Testing Symposium under {he 
auspices of the National Research Council and the chairmans)\\ip 
of A. E. Bellis, was held in the meeting room at Motor Square 
Garden. The following papers were presented. All but the {irst 
one was published in the September issue of TRANSACTIONS: 

The Herbert Pendulum Hardness Tester—E. G. Herbert, lig 
land. 

The Hardness of “Common High” Sheet Brass—A. L. Davis, 
metallurgist, Scovill Mfg. Co., Waterbury, Conn. 

Magnetic Indications of Hardness and Brittleness—A. V. de 
Forest, Research department, American Chain Co., Bridgeport, 
Conn. 

Testing of Steel for Hardness—H. M. German, metallurgist, 
Henry Disston & Sons, Inc., Philadelphia. 

The exposition closed at 5:30 p. m. and the annual banquet of 
the Society was held during the evening in the English room of 
the Fort Pitt Hotel. This banquet was exceedingly well attended 
as evidenced by the accompanying photograph. At the speaker's 
table were seated the officers and guests of honor of the Socicty 
including Governor Gifford Pinchot and Captain Irving H. O'llay. 
After the dinner had been served President Lynch opened thc 
meeting with a few remarks and then introduced each of the 
newly elected officers. 








PRESENTATION OF THE First HENRy MARION Howe MEeEpbAL ‘10 


Mrs. Howe 





President Lynch made the following remarks in presenting 





the first medal to the Society’s honored guest, Mrs. Henry 
Marion Howe, widow of our esteemed and beloved Honorary 
member, Doctor Henry Marion Howe: 

“The Board of Directors of the American Society for Steel 
Treating realize that man needs special incentive to develop and 
prepare for publication new and useful ideas. They also realize 
that one of the best incentives for this type of work is something 
that brings to an author recognition and honor. They have, there- 
fore, made provision for an honor gold medal to be known as tlie 
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Henry Marion Howe Medal. This medal is to be awarded t: 


author of the paper which shall be judged to be of the highest 
merit. 


“All papers in order to be considered must be publis|! 
originally in the TRANSACTIONS of the Society, during the ty 
months ending August 1 of each year in which the medal 
awarded. 

“The competition for the Henry Marion Howe Medal shall he 
open to all. The award shall be made by the Board of Directors 
The award may be withheld at the discretion of the Board of |; 
rectors. 

“Dr. Henry Marion Howe in whose honor this medal js 
given was a son of a noted physician of research type who was 
also a great philanthropist. His mother, Julia Ward Howe, was 
a leader in the abolition of slavery and is perhaps best known 
to the American people as the author of the Battle Hymn of th 
Republic. 

“Dr. Howe was so well known and received degrees and 
honors from so many and varied sources that it is only possible 
to mention a few. 


Elliott Cresson Gold Medal, Franklin Insti- 
tute—1895. 

Bessemer Medal, British Iron and Steel In- 
stitute—1895. 

Chevalier Legion d’Honneur of France— 
1900. 

Knight of Stanislas, Russia—1906. 

John Fritz Medal—1917. 


“He was widely known through his scientific books and tech- 
nical papers today universally accepted as text books, a constant 
attendant at our meetings and his contributions to the discussions 
were always timely and stimulating. He was a master in presiding 
over and directing meetings—in expressing his thoughts in simple, 
forceful language—a man of keen vision and power of observa- 
tion—a friend and an inspiration to all who knew him. 


“On behalf of the Board of Directors, I have the honor of 


presenting the first medal, struck in bronze, from the die from 
which the gold medal is made to Mrs. Henry Marion Howe, whio 
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vas recognized by Dr. Hlowe as an inspiration and co-worker, and 
vho always accompanied him in his travels in this country and 


broad. 
PRESENTATION OF THE Tlenry M. Tlowe Mepan ro Mr. JANITZK) 


“On behalf of the Board of Directors, | have the honor of 
presenting the first Henry Marion Howe Gold Medal for 1922 
to Emanuel J. Janitzky for his paper, entitled, the /nfluence of Mass 
» Heat Treatment.” 


The Henry Marion Howe Medal* 


The meeting was then turned over to the toastmaster, George 
Ht. Neilson, who presented the awards to those school children con- 
testants who had won honors in the recent essay writing contest 
conducted by the Pittsburgh Post and the American Society for 
Steel Treating, pertaining to the steel industry of Pittsburgh. 

Toastmaster Neilson then introduced the speaker of the eve- 
ning, Captain Irving H. O’Hay, hero of many wars and the hero 
of Richard Harding Davis’ novel, “The Soldier of Fortune.” Cap- 
tain O’Hay served in the World war with the “Princess Pats” and 
later with the American Expeditionary forces. Captain O’Hay 
gave a wonderfully interesting talk upon his adventures around 
the world, combining humor and wit with facts and conditions of 
life as he finds them. 


Governor Pinchot having arrived later in the evening was 


"The Society wishes to acknowledge the valuable courtesy of R. Wallace and 
Sons Manufacturing Co., of Wallingford, Conn., for the designing and. striking of 
the Henry Marion Howe Medal, and to the Keller Mechanical Engineering Corp 

Brooklyn for the preparation of the model and the cutting of the dies. 
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then introduced and gave a brief address pertaining largely 
political situations in the state of Pennsylvania. 

W. H. Eisenman, national secretary of the American 
for Steel Treating then extended words of appreciation and t| 
to the various Convention committees and to the entire me 
ship for their loyal support in making the Fifth Annual Co: 
tion a success. In closing he announced the presentation of a medal 
to be known as the Past-President’s Medal to the retiring presi 
Tillman Danis Lynch. 


KS 


A 


The meeting adjourned at 11:30 p. m. 


Fripay, Oct. 12 


The Friday morning technical session was held at 9:30. in 
the Ball room of the William Penn Hotel, Dr. Paul D. Merica. 
being chairman of this session. The technical papers program for 
this session was as follows: 

Carbon and Carbon-Vanadium Steel Castings—A Comparsion 
—J. M. Lessells, mechanical engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 

Investigation of the Treatment of Steel for Permanent Mag 
nets—R. L. Dowdell, Instructor in Metallography, University of 
Minnesota, Minneapolis. 

Protective Coatings for Selective Carburization—J. S. Vanick 
and H. K. Herschman, metallurgist and assistant physicist, Bureau 
of Standards, Washington.* 

The Physical Properties of Metals at Elevated Temperatures 
-—Vinecent T. Malcolm, metallurgist, Chapman Valve Mfg. Co.., 
Indian Orchard, Mass. 

The Seasoning of Steel—W. P. Wood, Department of Metal 
lurgy, University of Michigan, Ann Arbor, Mich.** 

Conical Illumination in Metallography—H. S. George, Union 
Carbide & Carbon Research Laboratories, Inc., Long Island City, 
N. Y.f 

The Theory in Quenching Steels—Kotaro Honda, Tohoku 
Imperial University, Sendai, Japan. (Presented by title.) +7 
At 2 p. m., the Symposium on Metallurgical Education was 


*Published in September, 1923, TRANSACTIONS, page 305. 

**Published in October, 1928, TRANSACTIONS, page 488. 

+Published in August, 1923, TRANSACTIONS, page 140. 
ttPublished in October, 1923, TRANsacTIONS, page 450. 
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| in the meeting room at Motor Square Garden under the 
irmanship of Professor S. L. Goodale. Considerable interest 

been shown in this annual symposium and it is felt that as 
evidenced by this interest it is a session which should be fostered 
ind held each year during the Annual Convention. 


\t 4:30 p. m. Committee A-4 of the American Society for 


ee 


A Booth on the Main Floor of Motor Square Garden 
(Courtesy of Iron Trade Review) 
lesting Materials under the chairmanship of Professor H. M. 
Boylston: held a meeting at Motor Square Garden. 
At 10 p. m. the exposition officially closed. 


PLANT VISITATION 
Many members and guests availed themselves of the oppor- 
tunity of visiting various plants in and around Pittsburgh. The 
plants which were. officially scheduled for visitation were the 
Westinghouse Electric & Mfg. Co. on Tuesday afternoon, the 


Homestead Works of the Carnegie Steel Co. on Wednesday after- 


noon and the National Tube Works, McKeesport, Pa., on Friday 
afternoon. 


All of these plant visitations were very well attended 
and proved of great interest to those who had the privilege of 
attending. 


VISITING LADIES ENTERTAINMENT 


The visiting ladies were royally entertained by the Pittsburgh 
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Entertainment committee under the chairmanship of J. A. Suc 


eee maak tek 


and the ladies auxiliary committee and they enjoyed many hours 
sight-seeing in and around Pittsburgh. 

The ladies registered immediately upon their arrival in Pit! 
burgh for the purpose of indicating those activities in which tl 
desired to participate. The first activity was a luncheon served 
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A Booth on the Sub Floor of Motor Square Garden 
(Courtesy of Jron Trade Review) 





on Monday, Oct. 8 at 1 p. m. in the Blue Room of the William 
Penn Hotel. This was followed by an auto ride through the city. 
In the evening the ladies visited the exposition at Motor Square 
Garden. ‘Tuesday afternoon the ladies were entertained at a tea 
at the Margaret Morrison Home, Carnegie Institute. In the eve 
ning they were entertained at a theater party. Wednesday morning 
at 10:00 the ladies visited the H. J. Heinz Company’s pickle factory 
and after exploring the factory had luncheon there. Wednesday 
evening they attended the annual dance of the Society in the Ball 
Room of the William Penn Hotel. Thursday afternoon was de- 
voted to a reception to Mrs. Henry Marion Howe, while in the 
evening they attended the annual banquet of the Society which 
was held at the Fort Pitt Hotel. 

From all reports the ladies had a most enjoyable time through- 
out the week. 


THE PRESIDENT’S ANNUAL ADDRESS 


TILLMAN DANIs LyNncH 


Introduction 


The American Society for Steel Treating has added an- 
other year of progress to its history. Its accomplishments are 
not all that we could wish, but as we must learn by experience, 
we trust that our shortcomings may be a signal’ and our 
achievements an inspiration for a higher and nobler plane of 
activities. 

Our society's goal is worthwhile, its field of activity is 
unique and it has a very important task to perform by com- 
bining our thoughts and experiences for the advancement of 
not only our membership but to serve mankind. 

Let us review briefly the activities of the year. These ac- 
tivities are effective through our chapters, our committees, our 
national board and the TRANSACTIONS. Our chapter meetings 
give us the personal work and individual contact which re- 
sults in co-ordinated efforts. Our committees are instruments 
tor bringing into more constructive and definite form such 
general information, recommended practices and standards as 
will assist our membership, advance our organization and es- 
tablish permanently the work that is accomplished. 


Membership 


Our membership continues to grow, as is shown by our 
National Secretary’s report with 18.7 per cent increase for 
the year. 

lt has been the purpose and policy of the directors to 
recognize in our membership only those who take some part 


in the Society’s activities, at least that of assisting in its sup- 
port. This membership list is, therefore, a real one, including 


only those who are in good standing or whose dues are in no 
case more than 3 months in arrears. 


Chapters 


Our chapters are 28 in number, the same as last year. The 
‘hapter at Bridgeport, Conn., has been discontinued and a new 
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one has been organized at Los Angeles, Cal. Reports 
this new chapter are very encouraging and its member; 
showing a healthy active spirit. 

The chapters, in general, are demonstrating the good { 
comes to our members from personal contact, exchang: 
ideas and experience and the work accomplished by \ 
chapter and its members is in direct proportion to the act 
of its members in taking advantage of the opportunities 
afforded to discuss both the personal and general prob! 
taken up. 

In former years, the president visited all chapters, but 
this year a different plan was tried out, viz., each member: 
the Board of Directors was assigned two or more chapters t 
visit officially and to make a written report to the Board. 
These reports give the personnel, financial condition and ac- 
tivities of the various chapters. 


I 


It is estimated that the attendance at our chapters for the 
year has been more than 20,000—a good demonstration of the 


opportunity given to our members and friends to profit by 
the exchange of ideas. 


Sectional Meetings 


There have been two sectional meetings held during the 
year, one with the Chicago chapter in February and the other 
with the Lehigh Valley chapter in June. The programs for 
these two meetings were prepared by the respective chap- 
ters and the papers presented were of the highest type. Visits 
were made to local manufacturing plants where members were 
shown special courtesies. These meetings brought together 
many men from different chapters and especially those mem- 
bers located nearest the chapter where these meetings were 
held, who would not otherwise have been brought together; 
and the great interest shown, indicates that these sectional 
meetings should be continued. 

It has become apparent however that some of the smaller 
chapters have refrained from having sectional meetings held in 
their locality on account of the added cost of such a meeting 
to the chapter. The Board has therefore decided that the 
national office should provide for the expense incidental to 
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holding of at least two sectional meetings each year and it 
oped that no chapter will refrain from entertaining a sec- 
| meeting on account of the cost. 


Committees 
Some of our National committees have done splendid 
active. The 
Standards committee is an example of one that has done a 
T ¢ i| work. 


The planning of this committee was a little different from 
that of former years. 


work while others have not been especially 


The main membership was made up of a general chair- 
man and four members. Each member was made chairman 
of a sub-committee on recommended practices of an assigned 
subject. These sub committees were localized in limited zones 
to enable them to get together as separate working committees. 

Sub-Committee I—Treatment of Tool Steel—W. J. Mer- 
ten, Chairman, was located in the Pittsburgh district. Their re- 
port is published in September, 1923, TRANSACTIONS and 
evidence of work done. 


Sub-Committee I]1—Treatment of Steels 


is real 


General (not in- 
cluding Tool Steel) —F. E. McCleary, €hairman, located in De- 
troit district. A progress report is made. 

Sub-Committee II1I]—Case Hardening—R. J. Allen, Chair- 
man, located in New England. A progress report is made. 

Sub-Committee I1V—Pyrometry—J. H. G. Williams, Chair- 
man, located in Philadelphia district. This report is published 
in September, 1923, TRANSACTIONS and includes “Notes on Ther- 
moelectric Pyrometers and Instructions for Their Use in Heat 
Treating Steel.” The data given in this document is beyond 
doubt the most thorough and comprehensive so far in print, 


and this society may well be proud to have fostered its pro- 
duction. 


Finance Committee 


The Finance committee has, during the past year, exercised 
eneral supervision over the financial policies of the society. 


‘'t supervised the closing of the books for the fiscal year of 
1999 F 


<2 and recommended to the Board of Directors suitable 
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charges to be made for depreciation and bad debts. It : 
recommendations as to the amount and investment ot 
various reserves of the society which were in general 
proved by the board. It recommended and upon approval 
by the board put into effect a more equitable distributio 
office expenses. 

The committee caused the books of the Secretary 
Treasurer to be audited by a certified public accountant, a copy 
of their certificate being published in the May, 1923, TRANSACTIONS 

[It prepared a budget for the year 1923 which, after minoi 
changes, was approved by the Board of Directors. The com 
mittee gave careful supervision over the operation of 
budget which has been adhered to within very close limits 

This committee, as you will note, has given its efforts to 
providing solidarity and security of our funds. 


Constitution and By-Laws Committee 


The constitution and by-laws committee was commissioned 
by the Board of Directors to revise and rewrite the constitu 
tion and by-laws of the society. This committee has given 
much time and painstaking thought to this work, resulting in 
a rewritten document. ,lhe entire Board gave a full day to 
its consideration section by: section before ordering it to be 
printed and sent to the membership in a tentative form for 
their comments and constructive criticisms. It is hoped that 
the membership at large will render all possible assistance in 
making this document just what it should be. Mr. Havens 
the chairman of the committee, will make a progress report at 
this convention. 

The Board of Directors has held five meetings during the 
year 1922-1923, the first at Detroit at the close of the conven 
tion to talk over the general plans for the year; and the second 
at the national office, Cleveland, Ohio, on Oct. 27 at which 
time the eight standing committees and four sub-committees 
were appointed. 

A number of committees have been appointed during the 
year to co-operate with other organizations, namely National 
Research Council, Division of Engineering, War Department, 
United States Army, Advisory, Bureau of Standards, Bureau of 
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es, Drill Steel Investigation, On Nomenclature with Amer- 

Society for Testing Materials, Society of Automotive En- 
cineers, Sub-Committee ALV of Committee A-l-American So- 

ty for Testing Materials on Tool Steel, National Research 
ouncil, Instrument Manufacturers and Users. 

The third meeting was held at Chicago on Feb. 9 during 
the sectional meeting; the fourth meeting at Bethlehem on 
june 16 during the sectional meeting and the fifth at Pitts- 
burgh during the convention. 

These meetings have been scheduled so as to accomplish 
the greatest benefits for the good of the society with the least 
amount of time and mileage. 

All members of the Board have been in attendance at each 


of these meetings. 


Transactions 


Our TRANSACTIONS have continued to improve under the 
supervision of our editor—Ray T. Bayless, and the Publication 
committee of which Prof. H. M. Boylston is chairman. 

They are striving continually to improve the tone of TRANS- 
\cTIONS by being more and more exacting in the question of 
acceptance of manuscripts. 

Our Editor has devised a scheme of trimming cuts so as to 
reduce the cost of publishing without interfering with the 
proper illustration of the paper. 

ach issue includes one or more editorials on general af- 
lairs of interest to our members. 


Beginning with the July, 1923 issue, a new style of type 


page has been used which is a very marked improvement. 

Our TRANSACTIONS is now recognized as one of the best 
ii not the best publication of its kind. The papers published 
in recent issues and being presented at the convention rep- 
resent the rapid progress that is being made and provide for 
our membership an encyclopedia of up-to-the-minute refine- 


ments in the art and science of heat treating metals. 
Data Sheets 
"he problem of preparing data sheets has been given much 
th 


thought. The National ‘Secretary’s report will show the prog- 
ress made, | 
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Annual Convention 


The annual convention and exposition at Detroit last 
tober set up a standard that will be difficult to excel. 
Iron Age gave expression in their issue following the co: 
tion which expresses the general opinion most admir: 
namely: “An unqualified success was the general verdict of 
those who attended the fourth annual convention and exposi- 
tion of the A. S. S. T. The record made by the society, 
three years old, both in technical papers and in exhibits, in- 


as 
\ 


sures it a place among the leading technical organizations in 
the country and stamps its annual meeting as one to be looked 


forward to and to be reckoned with.” 


The Pittsburgh Convention is now a reality, it is 100 pet 
cent educational and it has drawn its papers from among the 
best talent in this country and also from England, France and 
Japan. 


The Pittsburgh Exposition covers 33 per cent greater floor 
area than any previous exhibition and the quality and char 
acter of the exhibits were never better. We are advised that 
this is the first time that both floors of Motor Square Garden 
have been fully occupied. The Board of Directors has made 
a change, this year, in the method of financing the convention 
The exhibition has been planned on a self-sustaining basis and 
an entertainment fund has been provided from the rental 
receipts so that special donations from local chapters will not be 
necessary. This plan has in general been carried out by our 
National Secretary assisted by the local committees. 


The chairman of our local convention committee has in 
stituted a feature that is worthy of special mention. He has 
arranged for each member of the Pittsburgh chapter to wear a 
badge with the words “AT YOUR SERVICE” printed thereon 
Let this emblem remind us that we should all help to conduct 
the affairs of this organization so that through us, it may ful 
fill the law of service. May we each be mindful of the fact 
that we are put upon this earth to be of service to each other 
and to work out the great plan of life. God never made a |oa! 
of bread, but he made man, a field, and gave us seeds to sow. 
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God never made a coat, but he gave us the sheep to grow 
and the art of spinning and weaving. 

God never made steel, but he gave us iron ore, limestone 

coal, 

these raw products are ours to use and steel is ours to 
treat according to the laws so natural and so definite. 
\Vhat are we doing as individuals and as an organization 

be of real service in working out the great plan of which 
form a part? Let our efforts be co-ordinated with the 

orts of others so that we may continue to be of service one 


] 
| 


he other and all to the fulfillment of this plan. 


t 
4 


Conclusion 


in concluding this term of office, as your President, I de- 
sire.to express My appreciation for the support so freely and 


eflectively given by our members at large, our committees, our 


chapters and our Board of Directors. All have given much 
of their time and talent to the affairs of the society. Last but 
not least, | appreciate the loyal and untiring efforts of our staff 
whose full time is devoted to the society work and which has 
made it possible to carry on not only the extensive work at 
the national office but to edit and publish our TRANSACTIONS and 
carry on so successfully the big task of managing, in conjunc- 


t+ 


tion with our local committees, our annual convention and ex- 
hibition, 


It is only by the united efforts of all, guided by the special 


etiorts of your officers and directors elected to serve you that 


our society can continue its growth and high standing among 
he national associations. 


































ANNUAL REPORT OF THE SECRETARY 


WILLIAM Hunt EISENMAN 


The Secretary is pleased to present his annual report which 
will show that the American Society for Steel Treating has 
had another successful year. 

The majority of members of the American Society for 
Steel Treating measure true value not by what they get, but }) 
the service they are able to give, and they are all happy at the 
opportunity of sharing their success with others. They find the 
greatest satisfaction in knowing they have been of service to the 
society and to other members. Many nonmembers are periectly 
well satisfied to enjoy the benefits provided for them by others 
and are unwilling to do any part in elevating or maintaining the 
standard of a profession in which they are engaged. It may 
be true of some, but fortunately not of many, that they have 
no ambition for personal advancement and care little about in- 
creasing their own efficiency or in the development of the arts 
and sciences for which the society stands. 


Meetings 





The sectional and annual meetings of the society continue to 
grow in importance and usefulness. The Chicago sectional meet- 
ing showed a registration of nearly 200, and the sectional meet- 
ing at Bethlehem showed a healthy registration of 167 members, 
while the registration at the annual convention at Detroit last 
year represented over 40 per cent of the membership and was 
recognized at that time as being unparalleled in the history 
of American technical societies, that such a large percentage ol 
the members should be enrolled as being present at a national 
convention. The meetings of the local chapters have continued 
to grow in importance and in general benefits to the membershi) 
and to increase the prestige of the local and national society. 

Too much credit cannot be given to those individuals who 
have presented papers before the various chapters, sectional and 
annual meetings, for the large amount of work and effort that 
have been necessary to properly present their subject to the 
technical and the nontechnical members present. 

Probably the larger percentage of those in attendance at the 
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ler meetings are not members of the society, as is shown by 

fact that in the 226 meetings held last year the attendance 
has been in the neighborhood of 23,000. While there are no ac- 
curate figures on the percentage of visitors at these meetings, 
nevertheless, it is a conservative estimate that probably 40 per cent 
represent men who are interested in the American Society for 
Steel Treating but not members of the society. Nevertheless, the 
various chapters have made it a point to extend a cordial welcome to 
those nonmembers present because it is realized that they are the 
seeds for future growth in our membership. 


Memberships 
























On the recommendation of the delegates at their annual meeting 
at Detroit last year the national officers arranged a membership 
and attendance contest between the chapters of the society. 

The membership and attendance contest closed on June 30, 
1923 with the following results: 





First Prime ...:... $200.00 Be EO gasses 127.6 per cent 
Second Prize ..... 150.00 South Bend .... 99.3 per cent 
Third Prize ...... 100.00 New Haven .... 85.8 per cent 
Fourth Prize ...... 50.00 Cincinnati ...... 65.5 per cent 


The nearest to Cincinnati was the Northwest chapter with 
56.4 per cent and Syracuse with 55.5 per cent. 

It was quite evident from the number of chapters participating 
n the contest and the results obtained that it was very interesing 


and helpful. However, as the contest progressed it was observed 
that the smaller chapters had a certain advantage over the larger 
chapters, inasmuch as they required a smaller number not only of 
new members but of those in attendance at meetings to give a higher 
percentage. 

There are at the present time in the American Society for 
Steel Treating 2746 members of which 2048 or 74.5 per cent 
are of the member classification; 400 or 14.5 per cent are associate 
members; 191 or 7 per cent represent sustaining memberships ; 
while 99 or 3.6 per cent represent junior memberships. There are 6 
honorary and two founder members. 

Membership in the society during the period from September 
1922 to September 1923 showed a gain of 18.75 per cent. On 


“ 


Sept. 1 of last year there were 2313 members. During the year 
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there has been a net gain of 433 members so that the total mem. 
bership on Sept. 1, 1923 of bona fide paid-up members is 2746, 
There is an excellent opportunity for additional and valuable 
work to be done in increasing the number of junior members jy 
the society. This work did not start with any effectiveness unt] 
the year of 1922 and at the present time is showing gradual jm. 
provement. The larger portion of the junior members was ¢e- 


cured during the fall of 1922 and spring of 1923. Inasmuch 
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Graphical Representation of Membership 
as of Sept. 1, 1923. 
as the dues are but $2.50 for the junior members and entitles them 
to receive the publications of the society and attend chapter meet- 
ings, it is a very valuable proposition for the junior and secures his 
present and future interest in the society. 

It is interesting to note that during 1922 and 1923 136 of the 
191 sustaining members were added to the list. This was the re- 
sult of action by the board of directors whereby all but $6.50 of 
the dues of the sustaining member is returned to the local chapter, 
so that the sustaining member of a local chapter becomes in reality 
what the name suggests and they assist materially in financing 
the chapter programs, and thus have aided greatly in placing many 
chapters in a better financial position. 

About 300 members of the society are serving on more than 
forty technical and administrating committees in the preparation of 
standards, reports, professional papers, meetings, research work 
and the dissemination of literature for the advancement of the 
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allurgical profession and the steel industry. Of this number 
about one-half are on national committees and the other half 
serving on local committees. The ready response of the entire 
membership to notices of appointment on various committees as 
well as their acceptance of the additional obligations and duties en- 
tailed, explains one of the reasons for the remarkable success 
of the American Society for Steel Treating. The membership as 
4 whole is more than willing to do its share of work and to con- 
tribute, so far as the individual’s abilities permit, in furthering the 
worthy aims and purposes of the organization. 


Publications 







Probably the greatest advancement in any publication repre- 
senting a technical society made in any one year was in the TRANs- 
scTloNS Of the American Society for Steel Treating. This has 
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Chart Showing the Progress Made in the Number of Editorial 
Pages in TRANSACTIONS 


been due entirely to the efficient efforts of R. T. Bayless, editor, 
and the publication committee under the able chairmanship of Pro- 
iessor H. M. Boylston. The size of the type page as well as the 
spacing between lines have been changed in order to give the TRANs- 
ACTIONS a better appearance and greater readability. At the same 
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time more careful attention has been given to the redrawin; 
charts and arrangement of material in the adoption of a stan 
style, so that the publication is regarded with most favorable con- 
sideration. There is one file in National headquarters that contain 
countless letters of commendation and congratulations upon the high 
position the TRANSACTIONS has taken both in the make-up and 
contents under the capable direction of Mr. Bayless. 

Beginning with Volume I of the TRANSACTIONS there has 
been published during the three years of its existence 3424 edi- 
torial pages of material of interest to the membership or, an 
average of about 1141 pages per year. Volume I of the Trans- 
ACTIONS contained in twelve issues 840 pages; Volume 2, twelve 
issues 1238 pages; Volume 3, nine issues 1000 pages, and the 
three numbers of Volume 4 so far published contain 446 pages. 
For convenience of handling and reference it became necessary to 
issue the TRANSACTIONS in two volumes a year rather than one, 
as the one volume would contain in the neighborhood of 1500 pages 
which makes it undesirable for binding purposes as well as for 
ready reference. Consequently, beginning with the July, 1923 issue, 
Volume 4 was started, this closes with the December 1923 issue. It 
is probable that about 1000 pages of editorial matter will be 
printed and ready at that time for binding in Volume 4. There- 
after each volume will include six numbers of the TRANSACTIONS. 

During the same period as covered by Volume 1 and Volume 
2 there was published in the 1923 TRANSAcTIONS 1446 pages 
of reading matter or an increase of 17 per cent over that published 
last year. This increase in volume of printed matter, increased 
labor and expense in the preparation of the same, but it is be- 
lieved as most frequently stated that the TRANSACTIONS alone is 
sufficient to repay an individual for his membership in the society. 





Data Sheets 


Progress is being made in the preparation of data sheets for 
the handbook, through the national office. 
The board of directors has decided that all data sheets shall be 


passed by the Standards committee before being sent to the mem- 
bers. 








While this work entails a large amount of detail it nevertheless 
is making satisfactory progress and it is the hope and expectation 
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of your secretary that within the period of two months after the 
ee of this convention the first sets of data sheets will have been 
approved by the Standards committee of the American Society 
for Steel Treating and be ready for the use of the membership. 


The Standards committee has already decided that the sheets 
are to be eFax size, so binders in several grades are available to 
the membership at cost. After the first series of data sheets are 
yut, it is then expected that data sheets will be forwarded to 
those members in good standing at least three or four times a 
year. 
The method for the compilation of the society handbook has 
been somewhat changed from the plan originally announced, and it 
is now to be a composite work of all of the members of the Amer- 
ican Society for Steel Treating. Each member will receive credit 
in the handbook for the data sheets he prepares and presents. 

The list of data sheets given below has already been suggested 
and material has been submitted upon the larger portion of the 
list. However, the submitted material is first forwarded to a 
number of members of the society who are familiar with the subject 
under consideration and after their comments and criticisms have 
been returned, proper notation and revision of the material is made 
according to the constructive criticisms and suggestions received. 
The material is then again submitted to another group of members 
interested in the subject. The second revision is then submitted 
to the Standards committee of the American Society for Steel 
Treating. After approval by the Standards committee it is to 
be printed and forwarded for use by the members. 

There will be included in the first set of data sheets the re- 
port of Subcommittee I of the Standards committee, on “Recom- 
mended Practice in the Heat Treatment of Plain Carbon Tool 
Steel,” and “Recommended Practice in the Heat Treatment of 18 
per cent Tungsten High Speed Steel,” as well as the report of Sub- 
committee IV, dealing with “Thermoelectric Pyrometers and In- 
structions for their Use in Heat Treating Steel.” 

The subjects upon which data sheets are being prepared, in 
which either the material is at present available, or in preparation 
follows: 

Influence of Nickel 

Influence of Vanadium 
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Influence of Tungsten 
Influence of Uranium 
Influence of Molybdenum 

Influence of Chromium and Manganese 

Influence of Silicon 

Blue Brittleness 

Etching Solutions to Be Used and Structure Revealed by Each 
Etching Solutions and Their Preparation 

Specific Heat of Air 

Iron and Steel Metallurgy in Brief 

Standard Shapes and sizes of Firebrick 

Phase Rule 

Forging Temperatures 

Fuel and Energy Loss of Furnace Walls 

Equivalent Quantity of Fuel Based on Heat Values 
Characteristics of Various Gases 

Nitrogen in Steel 

X-ray Investigations 

Gases in Metals 

Deep Acid Etching 

Salt Baths 

Temperatures Judged by Colors 

Fuel Areas for Furnaces 

Comparative Costs of Various Fuels on B.t.u. Basis 
Specific Heat of Iron and Steel 

Melting Points Sodium and Potassium Nitrate 

Thermal Conductivity of Insulating and Refractory Material 
Temperature Conversion Table 

Table for Carburizing and Heat Treatment of Carburized Steel 
Iron:Carbon Critical Range Diagram 

Temperature Color Charts 

Brinell Hardness Numbers 

Critical Range Diagram for Iron Carbon Alloys 

Volume Weight Tables Carbon and High-Speed Steel 
Tempering Table 

Ghost Lines 

Effect of Size and Mass on Physical Properties 

Alpha Beta and Gamma Iron 
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('se and Care of Pyrometer 

[ead Baths 

Strength of Steels at High Temperatures 

Cransfer of Heat 

Ilardness of Carbon-Manganese Steel 

Physical Properties of Alloy Steel 

Cutting Tests on High-Speed Steel 

Recommended Heat Treatment of Plain Carbon Tool Steel 

Recommended Heat Treatment of 18 per cent Tungsten High- 
Speed Steel 

llardness of 1 per cent Carbon Tool Steel 

Physical Properties of Carbon Steel 


Special Services 






















Many of the members of the American Society for Steel Treat- 
ng have availed themselves of the opportunity to secure reprints 
of articles as well as translations of papers appearing in foreign 

local publications through the national office. While the 
demand has not reached enormous proportions it is, nevertheless, 
of sufficient strength to indicate that the membership appreciates 
quite thoroughly having this service available. 

The employment bureau: which functions through the National 
office is still of great benefit to the membership and has been suc- 
cessful during the past year in placing many of the members in con- 
tact with desirable openings as well as securing for employers men 
satisfactory to their needs. 

About 250 members availed themselves of the offer of the 
national office to secure TRANSACTIONS binding for them at the 
cost of the work, and in that way they have been able to have 
their volumes bound uniformly each year at a minimum of expense 
and effort. 

The staff of the national office consists of the editor of the 
[RANSACTIONS, a bookkeeper, two stenographers and a member- 
ship file clerk. 

Some idea of the work involved may be gathered from the 
statement that over 100,000 pieces of mail matter leave the office 
annually not including the copies of the TRANSACTIONS which add 

total of 36,000 more pieces. No effort has been made to work 
ort-handed because it is realized that the service of the national 
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organization is one of the important requisites of the society. \y, 
are quite confident that the report of the National Treasurer show- 
ing how the activities of the society have been conducte! wit 
increasing success from a financial standpoint is gratifying and 
encouraging. It is interesting further to note that the advertising 
revenue from the ‘TRANSACTIONS has been increased during the 
year. 

The exposition has made rapid progress and this year is 5 
per cent larger than the one at Detroit last year. It is recognized 
as one of the principal annual events in the iron and steel industry 

The advancement the society has been able to make in the 
three years of its organization is indeed a point of just pride with 
the entire membership, and so far exceeds their fondest hopes 


I 
and expectations that they view with pleasure the fact that th 


the 
society has so rapidly taken front rank in the industry it represents 
This rapid and commendable progress is the result of the united 
energies, both moral and financial, of all its members. The Amer- 
ican Society for Steel Treating will not permit self-satisfaction 
to be its motto, but will always continue to be the synonym for 
Advance, Efficiency and Service. 


CORROSION IN MINE WATERS, AND RECENT IN- 
VESTIGATIONS OF IT BY THE 
U. S. BUREAU OF MINES* 


By Robert J. Anderson and George M. Enos 


Abstract 


This paper discusses the problem of corrosion in a 
yeneral way, especially as applied to the corrosion of 
metals and alloys m acid mine waters. The _ several 
theories of corrosion are discussed and it ts pointed out 
that these do not explain the fundamental cause for cor- 
rosion. 

Total immersion tests have been made on a large 
number of irons and steels for corrosion m acid mine 
water, and it has been shown that this corrosion ts 
much different from that occurring in air. The results 
ind photomicrographs of long-time immersion tests 
which have been made on some 45 metals- and alloys are 
incorporated in this paper. 


An accelerated electrolytic corrosion test apparatus 
is described. 


INTRODUCTION 


Dee the past several years, investigation has been 
carried on by the U. S. Bureau of Mines on the corro- 


sion of metals and alloys in acid mine waters of coal mines in 
the western Pennsylvania coal region, and the object of the 
present paper is to discuss briefly the corrosion problem in 


a general way, and to direct attention to certain of the re- 
sults obtained in tests on the corrosion of metals and alloys 


n acid waters from coal mines. Numerous other investiga- 


tio} 
Lié 


ns on corrosion have been carried out in the past by the 
bureau, but these need not be taken up here. The work dis- 
cussed in this paper has been carried out in co-operation with 
the Carnegie Institute of Technology, Pittsburgh, Pa., under 
a co-operative arrangement with the coal-mining industry of 


Published by permission of the Director, U. S. Bureau of Mines. 
This paper is an abstract of a lecture given before the Pittsburgh 
Robert J. Anderson is metallurgistchapter of the society. Of the auth 


George M. Enos is junior metallurgist, both of U. S. Bureau of Mines, 
riment Station, Pittsburgh, Pa. 
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western Pennsylvania. Samples of metals and alloys for | 
have been very kindly supplied by industrial firms. The 
has been under the general supervision of A. C. Fieldner, su. 
perintendent and supervising chemist, Pittsburgh Experiment 
Station, U. S. Bureau of Mines. 

It is well known that the search for alloys that 
withstand corrosion influences is one of the most energeticall) 
explored fields of physical metallurgy, but so far experimen 
tal work has been on an empirical basis solely, and notabl, 
good results are quite accidental. In selecting alloys for us: 
as engineering materials of construction in structures wher 
particularly corrosive atmospheres or solutions must be with 


"14 
Vary 
‘\ l 


stood, it is necessary to consider not only the resistance t 
corrosion of the materials under the specific conditions of em- 
ployment but also their physical properties, ease of fabrica 
tion or casting, and cost. The latter items are often over 
looked by those working on the development of corrosion- 
resisting alloys. The corrosion of alloys in acid mine water 
is a typical example of the failure of engineering materials 
under attack by corrosive solutions, and in selecting alloys for 
use in pumping equipment for mines, one of the most im 
portant properties for consideration is the corrodibility of the 
materials. 

Water from coal mines is usually decidedly acid and 
causes considerable trouble and expense to operators because 
of its corrosive action on mine equipment. Water from metal 
mines is also frequently corrosive, e.g., that of the Montana 
copper mines. Underground waters in coal mines are acid 
from the presence of free sulphuric acid and sulphates of iron 
and aluminum, and such waters will readily corrode ordi- 
nary ferrous and nonferrous materials. 


The object of the recent work of the bureau has been 
to investigate the corrosion of commercial metals and alloys 
by acid mine waters, and certain of the work has been pub- 
lished. Thus; W. A. Selvig* and one of writers't have inves- 
tigated the comparative corrosion losses of 45 metals and al- 
loys.on immersion in acid mine waters, and the writers ** have 


studied the microscopic features of these corroded materials. 


“Numbers refer to bibliography appended to this paper, 
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\lost recently, study has been made by the writers and J. R. 
\dams (research fellow of the Carnegie Institute of Tech- 

oy) on the fundamentals of corrosion, corrosion theories, 
and the development of an accelerated test for corrosion. The 
results of this work will be published later. It may be added 
that in the selection of alloys for withstanding corrosive con- 
ditions it is necessary that the selection be based on reliable 
and adequate tests, and so far no standard method for corro- 
sion testing has been developed. For examining the rela- 
tive corrodibility of different metals and alloys in solutions, 
the most satisfactory test has been the long-time immersion 
test, but this has the decided disadvantage of consuming con- 
siderable time. 

The corrosion of metals and alloys in specific corroding 
media like mineral acids, sea water, fresh waters, salt solu- 
tions, atmospheric ait, and gases has been studied in detail 
for many years, but it is only recently that systematic inves- 
tigation has been undertaken on the corrosion of materials in 
acid waters from coal mines. At present the corrosion of 
pump parts (rods, valves, etc.) by acid mine waters in the 
western Pennsylvania coal region is very serious, and it should 
be added that rails, rolling stock, tools, and other equipment 
corrode when exposed to the action of acid waters. The work 
of the bureau on corrosion in mine waters has been carried 
out specifically with a view of procuring data that might help 
in the solution of the difficulties experienced by mine opera- 
tors. Though no data are available as to the monetary values 


? 
Ol 


| the losses incurred through the corrosion of equipment in 


mines, the total is considerable. Moreover, additional finan- 


cial loss is occasioned by shutdowns and repairs required, e.g., 
in the stopping of a pump. 


Hadfield’? has recently estimated 
the annual cost of wastage due to rusting of the world’s iron 
and steel as over $3,500,000,000 and no argument is needed to 
show that anything which can be done to reduce losses here 
and there in specific cases is worth while. 


THEORETICAL ASPECTS OF THE CORROSION PROBLEM 


Any discussion of the corrosion problem would be in- 
complete without at least brief reference to the present status 


of the theory. A number of different theories have been 
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advanced to explain the cause of corrosion inception ani 
mechanism of corrosion processes, but no one of th: 
satisfactory to account for the initiation of corrosion or to 
explain the mechanism of all observed cases of corrvsion. 
There certainly can be no fundamental difference in the mech. 
anism of corrosion inception under any conditions, and one 
of the objects of recent work in the bureau has been to stud) 
the fundamentals of corrosion with a view to determining i 
there could be one explanation underlying all the phenomena 
observed. 











Corrosion is generally regarded as the result of the ten- 
dency which a metal has for forming oxides or salts when 
in contact with a liquid or gas medium, and of the many theo- 
ries which have been advanced to explain the mechanism oj 
the phenomenon, the electrolytic, acid, and direct oxidation 
theories have been supported most strongly. The main theo- 
ries which have been advanced to account for corrosion include 
the following: (1) simple oxide (or direct oxidation) theory: 
(2) acid theory; (3) electrolytic theory; (4) auto-colloidal 
catalytic theory; (5) hydrogen-peroxide theory; (6) adsorp- 
tion theory; and (7) biological theory. These are briefly dis- 
cussed below. 








Simple Oxide Theory 





The simple oxide, or direct oxidation, theory was the 
first of the modern corrosion hypotheses. This theory has 
been supported by a number of workers as being exclusively 
applicable, and some investigators’ have recently taken the 
position that some corrosion processes can be explained on 
the basis of direct oxidation. The theory assumes that a 
metal is attacked chemically by oxygen or other gas without 
previously passing into solution, but this is negated by pro- 
ponents of the electrolytic and acid theories on the basis that 
liquid water is necessary for corrosion in addition to oxygen. 


Acid Theory 





The acid theory assumes that in addition to oxygen and 
water, some acid must be present before corrosion can take 
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ace, and a weak acid like carbonic acid is sufficient. The 

orocess Of corrosion is cyclical. This theory-has been strongly 

supported, particularly by Friend,'® but it may be regarded 

as an electrolytic theory not necessarily expressed in terms 
the ionic hypothesis. 


Electrolytic Theory 


The electrolytic theory considers corrosion to be electro- 
chemical in nature, and according to this, water being an 
electrolyte and therefore ionized to a small extent to hydro- 
ven and hydroxyl ions, it is not necessary that an acid be 
present. When a metal is placed in water, or when a metal 
is under such conditions that a film of water is upon it, the 
metal tends to dissolve in the water, 1.e., it tends to pass from 
the atomic (metallic) state to the ionic state. As an atom 
of metal passes into the water, it assumes a positive charge 
of electricity, leaving the metal mass from which it departed 
charged negatively. The tendency for a metal to dissolve 
thus in an electrolytic, is termed its solution pressure, and 
the result of this tendency is corrosion. This theory was ad- 
vanced by Whitney’ and receives general acceptance at the 
present time. This theory has been termed electrolytic in 
contrast with the acid theory, implying that the latter is not 
electrolytic in nature. Of course, both theories are to be 
interpreted from the electrochemical point of view. 


Auto-Colloidal Catalytic Theory 


The auto-colloidal catalytic theory recently advanced by 


riend, ® 7° postulates corrosion as starting with the forma- 


tion of colloidal ferrous hydroxide; this by contact with air 
flocculates to hydrated ferric hydroxide, which latter is al- 
ternately reduced by contact with iron oxidized by contact 
with air, thus continuing the corrosion and the production 
of rust. According to Friend, when iron comes into contact 
with liquid water in the presence of air or oxygen it slowly ox- 
idizes to ferrous hydroxide; this, however, is produced in the 
colloidal condition—a state in which it is usual for many sub- 
stances to be particularly reactive chemically. The ferrous 
hydroxide hydrosol is then oxidized to a higher iron hydroxide 
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hydrosol, and the ferric hydroxide hydrosol is produced under 
suitable conditions. This higher hydrosol is then alternately 
reduced in contact with iron and oxidized again by arene 
spheric oxygen, thus catalytically accelerating the oxidation 
of the iron, and when the sol flocculates or precipitates out 
it yields rust. 


Hydrogen-Peroxide Theory 


The presence of hydrogen peroxide in the water in which 
certain metals are corroded has led to the development of 
the hydrogen-peroxide theory. It has been demonstrated ex- 
perimentally by Dunstan and his coworkers’ that hydrogen 
peroxide is formed as an intermediate product during the 
corrosion of a number of metals including copper, lead, and 
zinc, but not iron. Hence, it is alleged that corrosion in many 
cases is owing to the formation of hydrogen peroxide and its 
interaction with the metal. The formation of hydrogen per- 
oxide as a corrosion product in the oxidation of a metal by 
water and air is simply incidental, and this is not necessarily 
an accompaniment of the initiation of corrosion. 















Adsorption Theory 





Saklatwalla’* has recently discussed the effect of adsorp- 
tion of gases upon the rate and nature of corrosion, assum- 
ing that there is a definite relationship between the adsorp- 
tion of gas by a metal and the corrosion of that metal by 
the same gas. The suggestion is offered that the phenomenon 
of adsorption, whereby a gas is condensed as a film on the 
surface of a metal or of any other solid body, would have 
the tendency of imparting to that body, surface activities, de- 
pending upon the degree of adsorption. The rate of inter- 
action between the condensed gas of a film and the solid metal 
depends, among other things, upon the density of the film. Ii 
a metal has a high degree of adsorption, the condensation and 
consequent velocity of interaction would be high, and hence 
surface oxidation would take place rapidly. It is alleged 
that high interacting velocity, and consequent nearly instan- 
taneous production of a protective film on the surface of the 
metal, is the essential factor in producing noncorrodibility. 
Hence, the higher the adsorption capacity, the higher should 
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be the noncorrodibility. ‘The sum and substance of this theory 
‘s that certain metals are noncorrodible because they 


produce 
adsorbed surface gas films of high 


concentration because 
they in turn adsorb large amounts of gas. 


Biological Theory 


Claim is made by some biologists that lowly forms of 
life enter into the reactions which occur when iron corrodes. 
It is true that animal and vegetable organisms can materially 
enhance the corrosion of metals because of the action of their 
secretions, and the biological aspect of the corrosion problem 
should not be overlook. However, corrosion takes place 
readily in the absence of living matter, so that corrosion is not 
prevented by excluding such matter, and no organisms have 
so far been discovered which can feed upon metals. 


Summary 


No one of the theories so far advanced serves to explain 
the mechanism of corrosion inception and no one explains the 
mechanism of all the observed cases of corrosion. While the 
establishment of the theories have helped in the understand- 
ing of certain anomalous facts concerning corrosion, this has 
not given any better comprehension of the fundamental cause. 
The supporters of most of the theories have usually tried 
to make out a case for a particular theory so as to show that 
their theory is exclusively correct. The two foremost theories 
are the electrolytic and the direct oxidation hypotheses, and 


the position taken by some investigators (notably Bengough) 
is that corrosion takes place either by electrolytic or direct 
oxidation means. The view submitted by 


3engough is that 
corrosion may be either chemical or electrochemical in na- 
ture and that all corrosion may be explained by one or the 
other of these two kinds of reactions. The acid theory is 
interpretable on the electrochemical basis, while the other 
theories are either untenable or else may be interpreted on 
the basis of direct oxidation. 

Assuming for the moment then that all corrosion is either 


chemical or electrochemical in nature, the question has been 


asked, particularly by Bancroft®: Are not chemical and elec- 
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trochemical reactions one and the same thing? Desch 

Whyte*° suggest that there is no difference between ele 
lytically stimulated and natural (chemical) corrosion, and 

view is shared by the writers. That chemical corrosion 

electrochemical corrosion are the same qualitatively, but 

necessarily quantitatively, has been demonstrated experim 
tally by the writers. 


A\4 


It should be emphasized that the various theories of 
rosion are really not theories which explain the cause 
corrosion, but they are rather theories thit serve to explain 
mechanism of corrosion processes in terms of the older chemistry 


Factors AFFECTING CORROSION PROCESSES 


For present purposes, corrosion may be properly regarded 
as chemical reaction, and many factors influence the process 
and determine the speed of the reaction. The corrosion oj 
metals and alloys may take place under three different con- 
ditions: viz., (1) the corroding medium is a liquid (this maj 
be an electrolyte or a nonelectrolyte; (2) the corroding me- 
dium is a gas or vapor; and (3) the corroding medium is 
alternately liquid and gas. While the cause for corrosion 
inception and progression is the same irrespective of the 
metal and the corroding medium, the rate of corrosion and 
the corrosion products formed would be expected to be radi- 
cally different for different metals and different media. More- 
over, there are a number of factors which affect the process 
of corrosion (chemical reaction), although the relation of 
these has not been thoroughly worked out. 


One of the most common ways in which metals fail by 
corrosion is by exposure to reacting solutions (or liquids), and 
the factors involved in the corrosion of metals and alloys 
when in solution include the following: 


(1) Chemical composition of the metal or alloy. 
(2) Physical condition of the metal or alloy. 

(3) Chemical composition and concentration of the 
corroding solution (liquid). 
*Since the lecture was presented, the writers have applied the electronic theory 


the constitution of the atom to the corrosion problem, and this permits explanation 
corrosion inception in terms of modern chemistry. 
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(4) Velocity of the corroding medium, or the ve- 
locity of the metal in the medium. 

(5) Temperature of the medium. 

(6) Time period of exposure. 

(7) Solution pressure of the metal which depends 
upon (1), (2), and (3). 

(8) Electrical conditions of immersion. 


(9) Effect of light. 


Study of these factors should throw light on many corro- 
sion processes, and it should be emphasized that for testing 
purposes, at least, it is possible to hold all of the factors con- 


stant within limits and examine the effects of variations in 
them. 


The factors above mentioned are merely suggestive*, but 
indicate that in any corrosion process the effects of variable 
conditions must be properly accounted for. 

The corrosion of any metal or alloy in any medium is an 
expression of the summation of the effects of all influencing 
factors, and for particular cases the effects may be positive, 


negative, zero, or negligible. The effects of the variable fac- 
tors are shown in a variety of ways; viz., by the formation of 
salts, oxides, or hydroxides; by the deposition of metals, 
salts, or oxides; by the formation of coatings from the salts, 
which retard or accelerate corrosion, or have no effect; by 
the formation of pits; by passivity; by embrittlement; by selec- 
tive corrosion; by disintegration; and perhaps by other effects 
not so common. 

One of the chief difficulties in expressing the corrosion 
of a metal or alloy lies in the fact that a loss-in-weight de- 
termination is not necessarily indicative of the amount and 
character of the disintegration. Accurate loss-in-weight de- 
terminations can be made only by determining the exact 
composition of the adhering scale or coating as well as the 
weight of metal found in solution or suspension, followed by 
appropriate calculations. In comparing the relative corrod- 
ibility of metals, true corrosion loss-in-weight results should be 
expressed in terms of the molecular ratios of the metals com- 
pared. Thus, the rate of corrosion of one metal may be faster 


“In the lecture, these factors were discussed at length, but owing to the confines 
pace, cannot be taken up here, 
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than that of another but the actual loss less, because of 
ference in the atomic weights. The rate of corrosion sh 
properly be expressed in such terms that difference in 
weights, solution pressures, polarization, and other fact 
will be properly accounted for. 


SUMMARY OF RECENT INVESTIGATIONS BY THE BUREAU OF Minpe 


Turning now to the recent studies which have been n 
in the Bureau of Mines on the corrosion problem, particu! 


1 
\ 
Ly 


in the case of mine-water corrosion, ‘the following giv 
brief resume of the work carried out during the past three 
years with the results obtained. Before taking up the re; 

of the work, it is advisable to discuss briefly the nature o| 
acid mine water. 


NATURE OF AciIpD WATER FROM CoAL MINES 


As indicated previously, water from coal mines is usuall) 


decidedly acid, containing free sulphuric acid, and_ ferro 
ferric and aluminum sulphates, as well as sulphates of cal 
cium, magnesium, sodium and potassium, together with silica, 
and usually some chlorides. On standing, dilution, aeration, 
or warming, insoluble iron compounds tend to precipitat 
from these waters, principally as hydrous ferric oxides. ‘The 
occurrence of iron sulphates and free sulphuric acid is due to 
the action of water and air on the pyrite or marcasite associated 
with the coal. These sulphides are oxidized to ferrous s1 
phate, and sulphuric acid, and the reactions may be represented 
by the equations: 
2FeS,4+-70,+2H,0—FeSO,+2H,SO, 
4FeSO,+2H,SO,+0,=2Fe,(SO,),;+2H,0 

It is well known that the acidity and composition of 
different waters vary considerably at different times, and a 
range of composition for some waters collected at various coal 
mines and analyzed by the Bureau of Mines is as_ follows: 
silica, 16 to 64 p.p.m.; ferrous iron, trace to 967; ferric iron, 
11 to 915; aluminum, 25 to 148; calcium, 79 to 436; magnesium, 
34 to 197: sodium, 21 to 133; chlorine, trace to 25; total sul 
phate radical, 790 to 6370; and free sulphuric acid, trace to 
3662 p.p.m. <A typical analysis of filtered water (from the [dna 
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No. 2 mine of the Hillman Coal & Coke Co., at Wendel, 

\Vestmoreland county, Pa.) is as follows: silica, 129 p.p.m.; 

ferrous iron, 516; ferric iron, 1303; aluminum, 1225; 
l »). 


calcium, 


r 


307; magnesium, 122; potassium, 332; sodium, 512; chlorine, 
L] 


ie suspended matter (on 
unfiltered water) in this water dried at 105 degrees Cent. is 
] 1 7 

19 p.p.m. 


37: and sulphate, 11,750 p.p.m. 


lt mav be added that in connection with the corrosion 
] 


ork, study has been made by Selving and Katliff'® of the 


nature of acid water from coal mines and of methods for 


mnalysis. It was found that titration of acid mine water for 
free sulphuric acid with standard alkali solutions gave too high 


results, because otf hydrolysis of sulphates of iron and 


aluminum, More nearly correct results were secured by re 
ducing the ferric sulphate present to ferrous sulphate, prior to 
titration, and this reduction was effected by the addition of 
potassium-iodide solution to the mine water. 


Mine WATER CORROSION ‘TESTS OF IRON AND STEEL 
In 1920-1921, total mmmersion tests were carried out by 
\\. A. Selvig, assistant chemist of the bureau, for committee 
\-5 of the American Society for ‘Testing Materials, on the 
corrosion of a large number of irons and steels of varying 


composition in acid mine water.” ‘The test , 


_ 


samples were 
by 6 inches in size and of 16 and 22-gage. The tests were 
made by immersing the specimens in flowing acid mine water 
at the Calumet coal mine of the H. C. Frick Coke Co., 
Calumet, Pa. The samples were considered to have failed 
alter standing in the water if they had been corroded through 
or eaten away at the edge for a distance of 14 inch. After 
lailure, the samples were cleaned, weighed, and the corrosion 
loss calculated. Photographs of the corroded samples were 
made. The corrosive action of the acid mine water on_ all 
the steels and irons was severe, and the tests clearly showed 
that all ordinary grades of iron and steel are corroded rapidly 
by acid waters from coal mines and that there was no great 
difference in the rates of corrosion among the commercial 
varieties of these materials. 

In these tests, the acidity due to free sulphuric acid was 


about 700 p.p.m. on the average, and the total acidity (that due 
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to free sulphuric acid plus sulphates of iron and alumi: 
was about 1700 p.p.m. on the average. In all, 49 difi 
irons and steels were tested, and comparison was mac: 
tween the results obtained in mine water and those obt 
on corrosion in atmospheric air. The results were 
different. 


MINE WatTER CorrROSION TESTS OF ForTY-FIVE Metats 
ALLOYS 


In 1921-1922, comparative corrosion test was mac 
45 metals and alloys in acid mine waters for the purpos: 


securing data relative to materials for use in pumping equip 
ment. This investigation was carried out as part of a co-opera 
tive agreement between the Bureau of Mines and the Carnegie 


Institute of Technology. The materials tested included a variety 


of ferrous and nonferrous metals and alloys in the rolled and 
cast condition, and the waters used were from three 


1 
COA! 


mines: viz., the Montour No. 1 mine of the Pittsburgh Coal 


Co., at Southview, Washington county, Pa.; the Edna No. 2 
mine of the Hillman Coal & Coke Co., at Wendel, Westmore 
land county, Pa.; and the Calumet mine of the H. C. Frick 
Coke Co. at Calumet, Westmoreland county, Pa. The differen! 
materials tested were in the form of rectangular pieces 2 }) 
6 inches in size, the rolled materials being about 10 gag 
thick (0.051 inch), and the cast materials approximately '; inch 
thick. The pieces were placed in racks in test boxes especial; 
designed for the work, so as to permit total immersion of 
the samples in flowing water. The construction of the test 
boxes and racks, which were made of wood, is shown in l'ig. 
1. The general arrangement of two test boxes on the surface 
at the Calumet mine is shown in Fig. 2. At the Montour 
No. 1 mine, sufficient head of water could not be obtained 
to cause a continuous flow of water through the boxes, and 
the racks holding the samples were placed in the mine sump. 
At the other two mines, the velocity of water flow around 
the samples was regulated to 1.8 inches per minute. [he 
test covered a period of 119 days at the Montour No. |! 
mine, 135 days at the Edna No. 2 mine, and 98 days at the 
Calumet mine. The complete results of the investigation 
have been reported by Selvig and one of the writers.” 
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Roughly, the average acidity of the waters was as foll 


Mine Free Acidity Total Acidity 


p.p.m. p.p.m, 
Montour No. 1 1430 11,360 


Edna No. 2 2160 14,160 
Calumet 430 2,950 


Loss-in-weight data were secured for the metals 


alloys after exposure to the corroding action of the 


> 


Fig. 
Mine. 


Arrangement of Test Boxes for Mine Water Corrosion Tests at 
waters, and the results of the work may be briefly summarized 
as follows: 

All alloys of the brass type which were tested were 
corroded severely by the mine waters; the corrosion was 
uniform (no pitting), and the weight loss large. Bronzes 
were also corroded considerably, but to a less extent than 
the brasses, and within limits increasing tin appeared to de 
crease the amount of corrosion in these alloys. At 
present time, bronzes are largely used for parts in pumps 
designed for handling acid water from coal mines. Copper 
nickel alloys were corroded in about the same amount as 
the brasses; the loss in weight was large, and the corrosion 
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uniform. Nickel silvers of various compositions (copper- 


kel-zinc alloys) were badly corroded—the attack in most 


tances being uniform. Aluminum alloys showed a marked 
ndency to pronounced pitting; the loss in weight was com 
ratively small, but the pitting effect precludes the possibility 
their use in acid mine water. 


Che materials which showed practically no 
mine waters included a 


corrosion in 
high-chromium — steel, two 
chromium-nickel-silicon steels, a high-silicon cast iron, and 
a nickel-chromium-iron alloy. All these alloys contained large 
amounts of chromium with the exception of the high-silicon 
cast iron. Commercial nickel corroded very little in the Edna 
No. 2 mine water but corroded considerably in the waters 
rom the other two mines. 

Taking the materials by groups, the relative corrosion 
losses may be taken roughly as follows, in the Edna No. 2 
mine water: Brasses, 6 to 7 mg. per sq. cm. per day; bronzes, 
| to 3 mg.; cupro-nickel alloys, 5 to 7 mg.; nickel-silver al- 
loys, 5 to 7 mg.; aluminum alloys, 2 mg. 


2 - high-silicon cast 
iron, 0.006 to O06 mg.; Inigh-chromium - steel, 0.0004 mg.; 
chromium-nickel-silicon alloys, 0.0002) mg.; and _— nickel- 


chromium-iron alloy, 0.002 mg. per sq. cm. per day. 

A large number of the samples became covered with 
coatings during the course of the tests. Some of the materials 
had rather thick, soft, fine-grained coatings which adhered 
fairly tightly, but could be readily removed with a fiber brush 
and water. Others had loosely adhering coatings, and these could 
he readily removed by rinsing in water and rubbing with the 
hand. Some of the samples had hard, closely adhering coat- 
ings. It was shown that the coating formed may accelerate 
or retard corrosive action or have no appreciable effect. It 
should be pointed out that the physical condition of the sur- 
face of materials is a factor affecting the nature of the coat 
ing formed, and this is illustrated nicely by the photomicro 
graphs of Figs. 3 and 4. Fig. 3 shows the coating on a copper- 
chromium-iron-nickel alloy, formed on an as-cast sample, 
vhile Fig. 4 shows the coating formed on the same alloy 
nm a machined sample. The coating in the second case 
much thicker and coarser than jin the first case. 


is 
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Fig. 3—Photomicrograph Showing Coating on an As-cast Sample on Exposure ! 
Acid Mine Water. x25. Nominal Composition, 42:12:9:35, Cu-Cr-Fe-Ni (plus Si). Fs 
4—Same as Fig. 3, but on a Machined Sample, x25. Fig. 5—Rolled, High B: 
Nominal Composition, Copper 66.6%, Zinc 33.4%. Coating Easily Removable. Consic 
able Uniform Corrosion. Immersed 65 days—Loss in Weight, 7.38 mg. per square 
per day. Fig. 6—Rolled, Cupro-Nickel. Nominal Composition, Copper 85%, Nickel ! 
Coating Easily Removable. Considerable Uniform Corrosion. Immersed 65 Days. |! 
in Weight, 7.47 mg. per square cm. per day. 


In passing, it is of interest to refer to the appearance 
certain of the samples after corrosion by the acid wate: 
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Figs. 5 to 11 inclusive may be noted in this connection.* 

5 shows the appearance of a corroded sample of rolled, 

oh brass, Fig. 6 a cupro-nickel alloy, Fig. 7 a cast bronze, 

8 a cast copper-lead alloy, Fig. 9a rolled aluminum-manganese 

iloy, Fig. 10 a rolled chromium-nickel-silicon steel, and Fig 11 

rolled high-chromium steel. ‘The captions on the figures 

make the illustrations self-explanatory. All these 
were exposed to water from Edna No. 2 mine. 


The investigation reviewed briefly above yielded compara- 


samples 


tive loss-in-weight data for a series of commercial metals and 
alloys when exposed to the action of acid mine waters, indicat 
ing that of 45 materials tested, only five were suitable from 
the point of view of corrosion resistance. ‘These five materials 
are suitable for use in acid mine water from the point of view 
of resistance to corrosion, but they are not necessarily suitable 
when economic considerations, ease of fabrication, and physical 
properties are taken into account. A summary of this investi- 


gation has been given in another place by one of the writers." 


Microscopy OF CorRRODED MATERIALS 


In 1922-1923, microscopic study was made of the corroded 
metals and alloys from the above described investigation, and 
the results have been published by the writers’®. In the long- 
time immersion tests, a number of phenomena were observed 
in the behavior of the materials tested, particularly in con- 
nection with their rates of corrosion, the formation of surface 
coatings, and the relation of chemical composition to corrosion 
rates and coating formation. In the microscopic study, tech- 
nique was first developed for preparing micro-sections of the 
corroded samples, and in all 52 samples were examined. The 
conclusions drawn from the work may be summarized as fol- 


li WS: 


In brasses, grain size seems to have little effect upon the 
rate or nature of the corrosion. 


In alloy systems where two or 
inore phases are present, there is usually, although not neces- 

irily, one phase that is more resistant to corrosion than the 
other phases. This gives rise to selective corrosion. In bronzes, 
the delta constituent is the more resistant phase; in alpha-beta 


"In the lecture, a large number of slides illustrating the appearance of corroded 
ples were shown, but only a few typical photographs can be given here. 
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Fig. 7—Cast Bronze. Nominal Composition—Copper 90%, Tin 10%. C 


Partly Removable. Irregular Corrosion. Immersed 135 Days. Loss in Weight 
mg. per square cm. per day. Fig. 8—Cast, Copper-Lead Alloy. Nominal Com 
tion—Copper 50%, Lead 50%. Coating Easily Removable. Uniform Corrosion 
some Irregular Pitting. Immersed 121 Days. Loss in Weight—3.94 mg. per s 
cm. per day. Fig. 9—Rolled, Aluminum-Manganese Alloy. Nominal Composit 
Aluminum 98.5%, Manganese 1.5%. No Coating. Irregular Pitting. Immers« 
Days. Loss in Weight—2.64 mg. per square cm. per day. Fig. 10—Rolled, Chr 
Nickel-Silicon Alloy. Nominal Composition—60:24:13:3, Fe:Ni:Cr:Si (with low 
bon). No Coating. No Visible Corrosion. Immersed 135 Days. Loss in Weis 
0.00045 mg. per square cm. per day. Fig. 11—Rolled, High Chromium Steel. \N 
inal Composition—Iron 70%, Chromium 30%, Carbon 0.36%. No Coating. No \V 


Corrosion. Immersed 135 Days. Loss in Weight—0.00045 mg. per square 
per day. 
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the alpha is more resistant. “The other materials ex- 
ned were of such types that selective corrosion did not 
ir, OF if it did, the constituent first corroded could not. be 
determined. The aluminum alloys pitted so badly that selec- 
tive corrosion could not be identified as such. Some alloys, 
which after corrosion and subsequent cleaning, appear to be 
free from adhering coating or precipitate, have a hard and 
probably quite impervious coating acting as a protection; this 
is particularly true of the bronzes. In general, corrosion attack 
does not follow grain boundaries but proceeds through the less 
resistant material if two or more phases be present. The more 
resistant material is probably removed, as such, after the less 
resistant material has been corroded and washed away. Micro 
scopic examination of the corrosion resisting high-silicon iron, 
high-chromium steel, chromium-nickel-silicon steels, and nickel- 
chromium-iron alloy reveals no visible protective coating or 
film. The resistance of these alloys. to corrosion can probably 
be traced to their chemical composition. It should be added 
that iron silicide and the double carbide of iron and chromium 
are very insoluble in acids. 

The microstructural aspects of some of the typical corroded 
samples may be found of interest, and Figs. 12 to 19 inclusive 
may be examined in this connection.* Fig. 12 shows the 
corroded edge of a sample of admiralty brass; the ridge lies 
between shallow elongated pits. Fig. 13 shows a nodule of 
redeposited copper on the surface of a low brass. Fig. 14 
is a macrograph of the cross section of a manganese brass, 
showing the very even redeposition of copper after corrosion; 


the dark outer edges contain about 90 per cent copper, and the 
light center area is the uncorroded brass. Fig. 
grain boundaries, retained from the original structure, in the 
redeposited copper of Fig. 14. 


15 shows the 


In Fig. 16 is shown the corroded 
edge of a leaded bronze, with the delta constituent standing 
up at the edge. Fig. 17 is a macrograph of substantially pure 
aluminum, showing the deep pits formed. Fig. 18 shows the 
pitting in a copper-lead alloy, resulting from the selective cor- 
rosion of the copper. 


11 


Fig. 19 shows cracking in a high lead 
alion 


which actually gained in weight on exposure to the 


In the lecture, a large number of slides showing the microstructure of corroded 
es were presented, but only a few typical micrographs can be reproduced here. 
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Fig. 12—Edge of Admiralty Brass. Nominal Composition, Copper 70%, Zinc 29%, 
1%. Grain Size, 0.035 mm. Immersed 35 Days. Etched in Ammonia and Hyd: 
Peroxide. x100. Fig. 13—Low Brass. Nominal Composition—Copper 80%, Z 
20%. Immersed 119 Days. Photomicrograph Shows Nodule of Red 
on Surface. Etched with Ammonia and Hydrogen Peroxide. x100. Fig. 14—™M 
ganese Brass. Nominal Composition—Copper 68%, Zinc 28%, Iron 2%, Manganese 
Cross-section of Test Piece Showing Redeposition of Copper. Immersed 72 Days. Ob 
Illumination x2. Fig. 15—Skowing Microstructure of the Outer Edge of Fig. 14. Et 
with Ammonia, Hydrogen Peroxide and Acidulated Ferric Chloride. x300. Fig. 
Cast, Lead Bronze. Nominal Composition—Copper 75%, Tin 10%, Lead 
Immersed 135 Days. Etched in Acidulated Ferric Chloride. x300. 


lis 


eposited Cop) 
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mine water. The samples represented by these figures were 
all exposed to the Edna No. 2 mine water with the exception of 
Fig. 13, where the sample was exposed to the Montour No. 1 
mine water. The captions on these several figures make the 





Fig. 17—Substantially Pure Aluminum. Immersed for 21 Days. Unetched. x2. 
Fig. 18—Cast, Copper-Lead Alloy. Nominal Composition—Copper, 50%, Lead 50%. 
Immersed 121 Days. Unetched, Oblique L[lumination. x5. Fig. 19—Cast, High Lead 
Alloy. Lead 96% plus Alkaline-Earth Metals. Immersed 72 Days. Unetched, Oblique 
Illumination, ‘Cross-section. x2. 


illustrations self-explanatory. Since the alloys which were very 
resistant to corrosion were not visibly attacked, photomicro- 
graphs of these need not be included. 

This investigation demonstrated the desirability of mic- 
roscopic examination in the study of corrosion, and the writers 
feel that considerable light can be thrown on corrosion pro- 
cesses by microscopic study of corroded samples. 


FUNDAMENTALS OF CORROSION 


In 1922-1923, study was made by the writers and J. R. 
Adams of the fundamentals of corrosion and the factors af- 
lecting corrosion processes. In this connection, the various 
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theories of corrosion were examined and it was shown 
these do not serve to explain corrosion inception alth 
they can be applied to explain different corrosion proc. 
in terms of the older chemistry*. 





Fig. 20—Set-Up of Electrolytic Cabinet for Accelerated Electrolytic Tests. 
ACCELERATED CORROSION TESTING 


In 1922-1923, investigation was made by the writers and 
J. R. Adams of the possibility of developing an accelerated 
test for corrosion. The attempt was first made to develop an 
accelerated chemical test, so-called, in which test samples were 
corroded in a liquid medium and acceleration given by intro- 
ducing oxygen or air into the medium. It was found that 
the acceleration by this method over the ordinary long-time 
immersion test was very slight, and this method was aban 
doned. The attempt was next made to develop an accelerated 


electrolytic test, and this was entirely successful. A number 


of experiments were made on the electrolytic corrosion ol 

bronzes in order to repeat the work reported by previous in 

vestigators, and duplicate results were readily obtainable. In 
*Since this lecture was given, the writers have applied the electronic theory ot 


constitution of the atom to the corrosion problem, and this permits explanatio! 
corrosion inception in terms of modern chemistry. 
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rying out this work, cylindrical samples of copper—tin 
Jlovs were made anode in several solutions including sodium 

arm sodium sulphate, sodium nitrate, and ammonium 
xalate plus oxalic acid. The test pieces were rotated, and 
the current density was 0.179 amperes per square decimeter, 
f exposed surface area. Runs were also made where the 
(fects of several factors, including variation in current den 
time of exposure, and shape of test piece, were examined. 
finding that the results of other investigators could be 
ily duplicated, accelerated electrolytic corrosion tests were 
ade on 42 of the metals and alloys corroded in long-time 
immersion test in the previous investigation by W. A. Selvig 
and one of the writers, and the results of both tests were 
correlated. Mine waters from the Montour No. 1, the [dna 
No. 2, and the Calumet mines were used as the electrolytes. 
lig. 20 shows the apparatus employed for the tests; this is 
sunply an ordinary electrolytic apparatus, with rotating anode 
spindle connections, as used for the analysis of metals and 
alloys but built especially for corrosion testing. It was shown 
as a result of these tests that the corrosion of metals and alloys 


can be greatly accelerated by the electrolytic method*. 


SUMMARY 


This paper ‘has discussed the corrosion problem. briefly 
and in a general way, especially as applied to corrosion of 
metals and alloys in acid mine waters. 
brief summary: 

1. Fue w.. S. 


investigation of corrosion for three years in co-operation with 


The following is a 


Sureau of Mines has been carrying on an 


the Carnegie Institute of Technology, dealing particularly with 


the corrosion of metals and alloys in acid mine waters. 
¢. Considerable trouble is experienced by mine operators 
in the western Pennsylvania coal region because of the cor- 
rosion of equipment, notably pumps, by acid mine waters. 
3. The several theories of corrosion are discussed briefly, 
and it is pointed out that these do not explain the fundamental 
cause for corrosion. 


4. Total immersion tests have been made on a large 


‘Since the lecture was presented, this work has been developed and elaborated, and 
mplete results will be published later. 
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number of irons and steels for corrosion in acid mine \ 
and it has been shown that the corrosion is much different 
that in air. | 


ter 


rom 


5. Long-time immersion tests have been made on 45 
metals and alloys in three acid mine waters for corrosion, and 
the comparative corrodibility determined. The data obtained 
are of value in selecting alloys for mine pumps. 

6. Study has been made of the microstructural aspecis 
these 45 metals and alloys after corrosion. 

7. Study has been made of the fundamentals of corrosion. 

8. An accelerated electrolytic test has been developed 
for determining the corrodibility of materials in electrolytes. 
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HIGH-POWER PHOTOMICROGRAPHY OF METAL- 
LURGICAL SPECIMENS 


By Francis F. Lucas 


Abstract 


The subject of high-power photomicrography of 
opaque metallurgical specimens is discussed in this pa- 
per. The author points out that it is more or less an 
accepted idea that photomicrographs in excess of 1500 
diameters magnification are of little or no value. Excep- 
tion is taken to this point of view and the author shows 
that remarkable definition may be attained at high mag- 
nifications. Representative photomicrographs, principally 
of academic mterest, are reproduced to show the attain- 
ment of definition, resolution, and penetration at high 
powers. 

The author discusses bricfly and somewhat generally 
the possibility of high-power metallography, the best 
type of equipment to use and the need for great care in 
the preparation of the specimen. 

The halftone reproductions inevitably show less detail 
and brilliancy than the original photomicrographs. 


HOTOMICROGRAPHY of metallurgical specimens is gen- 

erally confined to magnifications ranging from a few diameters 
to about 1500. Very few pictures of metal structures have been 
published at magnifications exceeding 1000 diameters, and ap- 
parently many people believe that magnifications in excess of 
1500 diameters are of little or no value. 


Usually no one photomicrograph will serve for all purposes. 
Low-power work may be likened to an observer at a lookout 


station on a mountain top. He sees the country for miles around 
and by his elevated viewpoint he obtains perspective. Let him 
observe the ground upon which he stands and he loses the broad 
general view, but is able to grasp small details wholly unseen in 
the distant view—virtually a case of high-power work. 


A paper by Francis F. Lucas, the photomicrography of which was 
periormed in the research laboratories of the American Telephone & 
Telegraph Co. and the Western Electric Co., Inc., New York City. 
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That most photomicrographs are taken at low or medium 
is due, no doubt, to the fact that the equipments ordinari| 
chased are not suited to high-power work and consequent 
velopment in proficiency has been confined to the field of 
medium power work. To get satisfactory results at high-po 
and to get these results consistently, precision equipment is 
pensable. The apparatus must be substantially constructed 
made for precision work. A compromise outfit which ma, he 
adapted to the requirements of both transparent and Opaque speci- 
mens is only courting trouble because rigidity must necessarily 
be sacrificed to some extent in order to provide means for adjusting 
the stand to suit the different classes of work, 

At the present time the limitations of high-power metallo 
graphy do not appear to be with the precision equipment now 
available but rather with the technique of preparing metallurgical 
specimens for examination at high powers. It is quite desirable to 
know the limitations of the apparatus, but it is of considerabh 
more importance to know how best to use the finest equipment to 
its utmost, because increase in knowledge and better tools go hand 
in hand. So far as metaliurgical work is concerned, it seems to be 
true that the quality of the best objectives surpasses by far th 
ability to use them to best advantage. 


Tue Are As A Licht Source 

Much has been written on the subject of illuminants for 
photomicrography, and many statements may be found derogatory to 
arc lamps, but as a real source of light, a smoothly operating 
automatic are lamp equipped with suitable carbons is capable of 
yielding results of the highest order. Most writers complain of 
a sputtering are or irregular feeding of the carbons, but these 
troubles are readily overcome. Direct current is necessary for 


successful operation and the carbons should be of small diameters 


so that the ultimate result will approach closely a point source of 
illumination. Most automatic are lamps of this sort have been 
designed for a certain current, usually about five amperes, and 
unless the current rating is closely adhered to in practice, the op- 
eration is apt to be irregular. Probably the most important part 
of the illuminant from an operating standpoint is the grade of 
carbons used. What is needed for high-power work is a_ point 


source of light (or approximately so) of great brilliancy, capable 
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PLATE I 
Magnification 1690 X 

SUBJECT Crystal Grain Orientation in Wrought Iron. 

KTCH 5 per cent Solution of Picric Acid in Alcohol and re-etched with 
ammonium persulphate, 2 grams to 10 cubic centimeters of 
water. 

OBJECTIV! Zeiss 2 millimeter Apochromat, 

N. A. 1.4. 

OCULAR: Zeiss Compensating K-18, 20 X 

FILTER: Wratten “B’”’ 4600 to 5100 A.U. 

PLATE Wratten *M.” 

EXPOSURE: 3 minutes. 


of being smoothly and uniformly controlled so that the luminous 


end of the positive carbon will not fluctuate backward and forward 


within wide limits. As a matter of convenience the carbon adyust- 


ment for the initial setting should be such ‘that replacement of 
the carbons will not consume much time. 
OptTicAL PARTS The Objective 

A great deal may be said about the optical parts, but the ob- 
jective is the most important part of the whole outfit. No one 
objective will suffice, and therefore, it is highly desirable to have 
a whole battery available so that the objective may be selected to 
suit the requirements of the work. Objectives are divided into 


lour general classes: first, achromatic; second, semiapochromatice ; 
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PLATE II 
Magnification 1690 X 


SUBJECT: The Cubic Crystallization of Iron. 
ETCH: 5 per cent Solution of Picric Acid in Alcohol and re-etched with 
ammonium persulphate, 2 gramsto 10 cubic centimeters water. 


OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A 1.4 


OCULAR: Zeiss Compensating K-12, 15 X. 
FILTER: Wratten “B” 4600 to 6000 A.U. 
PLATE: Wratten ‘*M.” 

EXPOSURE: 1% minutes. 


third, apochromatic, and. fourth, those for use with ultra-violet 


light. Of the first three the difference is primarily one of correction 
for chromatic and spherical aberrations. The apochromats being 


the most highly corrected are the ones best suited to high-power 
work. 


It is the objective which produces the image; the eyepiece 
and bellows extension which add magnification. If the objective fails 
to resolve detail, the final result will be wanting. Obviously, if 
we are interested in high-power work we are interested in resolving 
very fine detail; otherwise there would be no object in attempting 
high magnifications. The resolving power of an objective de- 
pends, primarily, upon two things: the numerical aperture of 
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the objective and the wave-length of the light used. The brightness 


of the image also varies directly as the square of the numerical 
aperture. As the numerical aperture increases the flatness of the 
field and the depth of penetration decrease but usually when high 
resolution is desired flatness of the field and penetration are not 
of great concern. For high-power work a Zeiss 2 millimeter apochro- 
matic objective of 1.4 numerical aperture leaves very little to be de- 
sired and when used under favorable conditions, these objectives 


are capable of yielding remarkable depth of penetration at high- 
powers. 


By controlling the color of the light used in photomicro- 
graphy it is possible to obtain contrast and to improve definition, 


PLATE III 


Magnification 2450 
SUBJECT: The Cubic Crystallization of Iron. 
ETCH: 5 per cent solution Picric Acid in Alcohol and re-etched with 
ammonium persulphate, 2 grams to 10 cubic centimeters water- 


OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A 1.4 


OCULAR: Zeiss Compensating K-12, 15 X. 
FILTER: Wratten “B” 4600 to 6000 A.U. 
PLATE: Wratten ‘“M.” 

EXPOSURE: 1 minute. 
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PLATE IV 
Magnification 1050 X 


eCr: Nickel-iron Alloy. 


SUBJ! 
| 1: 


J 
“TCI ‘Twenty minutes in a solution consisting of 10 cubic centimeters 
Nitric Acid, 7.5 cubic centimeters Glacial Acetic Acid and 7.5 
cubic centimeters Acetone. 
OBJECTIVE: Bausch & Lomb 4 millimeter Achromat. 
N. A. 0.65. 
ICULAR: Zeiss 20 X. 
ILTER: Wratten “E”’ 5600 A. U. to Red End to Secure Contrast. 
LATE: Wratten “M.” 
POSURE: 3% seconds. 

This photomicrograph illustrates a nickel-iron alloy at what is usually con 
sidered high magnification. Very small triangular shaped pits are shown developed 
but the magnification is not sufficient to reveal the structure clearly. The follow- 
ing two plates show this crystal structure well developed. 


> 


( 
I 
| 
| 


but of greater importance in high-power work is the fact that the 

resolving power may be increased by decreasing the wave-length of 

the light used. The relation is expressed as follows: 

2N.A. 
Number of lines per inch resolved 

Wave-Length 

Assuming that a Wratten “IF” ray-filter is used whose trans- 

mission band is from 6100 angstrom units to the red end of the 


spectrum then an objective of 1.4 numerical aperture should re- 
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solve about 109,000 lines per inch. If a “C” ray-filter is used whose 
spectral transmission is from 4000 angstrom units to 5100 angstrom 
units the same objective should resolve about 158,000 


lines per 
inch. That is, by using the shorter wave-length light it is  pos- 


sible to effect a theoretical improvement of about 45 per cent in 
the resolution. In practice there is some departure from these 
theoretical values because of the complications entering into the 
problem. 


If ultraviolet light were used, the resolution would be 


PLATE V 
Magnification 2300 X 
SUBJECT: \ Nickel-iron Alloy. 
kK TCH: Thirty minutes in a solution consisting of 10 cubic centimeters 
Nitric Acid, 7.5 cubic centimeters Glacial Acetic Acid and 7.5 
cubic centimeters Acetone. 
OBJECTIVE: Spencer 1.8 millimeter Achromat, 
N. A. 1.25. 
OCULAR: Zeiss 20 X. 
; Wratten “E’’ 5600 A. U. to Red End to Secure Contrast. 
Wratten ‘*M.” 
15 seconds, 
A development of crystal structure from the specimen shown in Plate IV, the 
bject of which was to show the crystal form. 


\ further development at higher 
agnification is shown in Plate VI. 
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greater than when using light whose wave-length lies within 

visible spectrum. Since glass is opaque to ultraviolet light, len 
of another material must be used. Monochromatic quartz 

jectives are available for this purpose. 


PREPARATION OF SPECIMENS AN IMPORTANT [ACTOR 


When considering the problem of high-power work with metal 
lurgical specimens it is necessary to keep in mind that the surface 
to be examined must be prepared with the greatest of care, as it 
is probable that many failures attributed to the optical parts are in 
reality due to the faulty preparation of the specimen. This has been 
found to be true in the Bell System laboratories where actual ex 
perimental investigations have been carried out anda rather elaborate 
technique of polishing developed to meet the requirements. It is 
conceivable that a polish suitable for low or medium-power work. 
would appear rough at 6000 diameters. It has been found that the 
more perfect the polish the better will be the definition. Further 
experimental investigations developed the fact that contrary to 
the usually expressed statement, a light etch does not necessarily 
give the best results at high powers. If a specimen is to photo- 
graph well and yield sharp definition, a contrasting etch is absolute- 
ly essential. To obtain the desired result, the etching reagent 
must be adjusted to the conditions and applied gradually, several 
applications being preferable to a single one. Examination of 
the specimen after the first application should show the structure 
delicately revealed but lacking in contrast. Perhaps the result may 
best be described by saying that it is “flat,” a term well under- 
stood in photography. Such structures do not photograph well, but 
if the pattern is further developed by repeated applications, a 
state will be reached when the pattern stands out in great con- 
trast and is sharply defined. When this stage is reached the speci- 
men is ready to be photographed and the results are striking, both 
visually and photographically. 

It is recognized that metallurgical specimens tarnish readily 
and even for low-power work are found unsatisfactory several 
days after etching and often in less time. This tarnishing effect 
appears to be cumulative. The writer has found that for high- 
power work the contrast above described becomes seriously impaired 
for iron and steel specimens after about one and one-half hours 





HIGH POWER PHOTOMICROGRAPHY 


PLATE VI 
Magnification 4300 X 
SUBJECT: A Nickel-iron Alloy. 


ETCH: Forty minutes in a solution consisting of 10 cubic centimeters 
Nitric Acid, 7.5 cubic centimeters Glacial Acetic Acid and 2.5 
cubic centimeters water. 

OBJECTIVE: Zeiss 2 millimeter Apochromat. 

N. A. 1.4. 

OCULAR: Zeiss Compensating K-18, 20 X. 

TE Wratten “E’’ 5600 A. U. to Red End to Secure Contrast. 

PLATE: Wratten ‘*M.” 

EXPOSURE: 20 seconds. 


This is a further development of the crystal structure illustrated in Plate V. 


and its effect becomes quite noticeable at 6000 diameters after 
about thirty minutes. As the contrast decreases due to the tarnish- 
ing effect the specimen becomes “flat” in appearance and a good 
focus is difficult to obtain. For this reason it has been found neces- 
sary to photograph the specimen immediately after etching. 


EFFEct OF VIBRATION OVERESTIMATED 


Vibration has been blamed for many indistinct photomicro- 


graphs, and elaborate precautions are often recommended to offset 
the effect. This trouble appears to be greatly exaggerated. If the 
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PLATE VII 
Magnification 3500 X 


Normal Structure 0.10 per cent Carbon Steel. 

5 per cent Solution Picric Acid in Alcohol. A progressive etch to develop contr 
Zeiss 2 millimeter Apochromat. 

1.4. 

Projection Eye-piece P-4. 

Wratten “‘H”’ 4200 to 5400 A.U. 

Wratten Panchromatie. 

40 seconds. 
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PLATE VIII 


Magnification 3000 X 
SUBJECT: Normal Structure 0.10 per cent Carbon Steel. 
ETCH: 5 per cent Solution of Picric Acid in Alcohol. 
OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A 1.4. 
OCULAR: Projection P-4. 
FILTER: Wratten “C’”’ 4000 to 5100 A.U. 
PLATE Wratten Panchromatic. 
EXPOSURE: 22 


44 seconds. 
Py 


longed etching dissolves the ferrite but does not affect the cementite. The latter stands 
relief and under high powers this treatment shows very clearly the form of the cementite 
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PLATE IX 

Magnification 3500 X 
SUBJECT: Normal Structure 0.20 per cent Carbon Steel (Pearlite Area). 
ETCH: 5 per cent Solution Picric Acid in Alcohol. 
OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A. 1.4. 
OCULAR: Projection P-4. 
FILTER: Wratten “C’’ 4000-5100 A.U. 
PLATE: Wratten Panchromatic. 
EXPOSURE: 25 seconds. 


See Plate X for same field at 9000 X. 


specimen is properly prepared (polished) and etched so that it 


can be focussed sharply and if it is photographed immediately, ex- 
perience in our laboratory seems to indicate that ordinary vibrations 
such as those encountered in the usual steel frame building are of 
small importance and can be overcome readily by sponge rubber pads 
underneath the supporting legs of the stands. This means that people 
walking nearby; distant machine tools in operation or other dis- 
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PLATE X 

Magnification 9000 X 
SUBJECT: Normal Structure 0.20 per cent Carbon Steel (Pearlite Area). 
ETCH: 5 per cent Solution of Picric Acid in Alcohol. 
OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A. 1.4. 
OCULAR: Zeiss Compensating K-12, 15 X. 
FILTER: Wratten “B’’ 4000 to 5100 A.U. 
PLATE: Wratten Panchromatic. 
EXPOSURE: 45 seconds. 

See Plate IX for same field at 3500 X. This specimen yielded a very brilliant image, conse- 
quently a rather short exposure could be made. Even at this extreme magnification it can be seen 
that the specimen is very highly poiished. However, the technique of etching for high-powers, and 

need for photographing at once was not fully appreciated or understood when Plates IX and 

veretaken. In consequence, it is probable that better results might be obtained if these pictures 
were to be retaken with, the knowledge acquired by later developments in the art. 
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PLATE XI 
Magnification 520 X 


Normal Structure of Eutectoid Steel. 

10 per cent Solution Nitric Acid in Alcohol. 
Zeiss 8 millimeter Apochromat. 

0.65. 

P-4 Projection Eye-piece. 

Wratten “C”’’ 4000 to 5100 ALU. 

Wratten Panchromatic. 


ATE: 
-XPOSURE: 8 seconds. 
The obiect of this photomicrograph is to illustrate at medium-power the same specimen which 
is shown ct higher powers in Plate XII. 
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PLATE]JXII 
Magnification 6000 X 
JECT Normal Structure Kutectoid Steel. 
ICH: | _ 5 per cent Solution Nitric Acid in Alcohol. A progressive etch to develop contrast. 
OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A 1.4. 
OCULAR: Zeiss Compensating K-8, 10 X. 
Pil TER: Wratten “‘C’’ 4000 to 5100 A.U. 
PLATE: _— Seeds “L’”” Ortho. 
EXPOSURE: 75 seconds. 


lhe same specimen as illustrated at lower magnification in Plate XI. This photomicrograph 
flers some interesting possibilities in the way of measuring the dimensions of very small details. 
F r instance, the ferrite plates for this and several other fields taken at the same time average 
about | 20,000 inch inthickness and the cementite plates about 1-30,000 inch. The grain bound- 
aries in this plate are defined clearly and measure 1-250,000 inch in thickness. 
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PLATE XIII 
Magnification 520 X 


SUBJECT: Normal Structure of 1.5 per cent Carbon Steel. 
ETCH: ' 10 per cent Solution of Nitric Acid in Alcohol. 
OBJECTIVE: Zeiss 8 millimeter Apochromat. 

N. A. 0.65. 

OCULAR: Projection Eye-piece P-4. 

FILTER: Wratten “C” 4000 to 5100 A.U. 

PLATE: Wratten Panchromatic. 

EXPOSURE: 8 seconds. 


___ The object of this photomicrograph is to illustrate the structure at me-ium-power. See Plate 
XIV for the same specimen at 6000 X. 
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PLATE XIV 
Magnification 6000 X 


SUBJECT: Normal Structure 1.5 per cent Carbon Steel. . 

ETCH: Two dips in 3 per cent solution of Picric Acid in Alcohol and one dip_in a_l per cent 
/ solution of Nitric Acid in Alcohol. 

OBJECTIVE: Zeiss 2 millimeter Apochromat. 

N. A 1.4 


OCULAR: Zeiss Compensating K-8, 10 X. 
FILTER: Wratten ““H” 4200 to 5400 A.U. 
PLATE: Wratten Panchromatic. 
EXPOSURE: 1 minute, 52 seconds. 


The same specimen as illustrated in Plate XIII at 520 X. High magnification brings out the 
grain boundary and the free cementite at the grain boundary. The depth of the etching in the 
lerrite plates is evident. 
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PLATE XV 
Magnification 24 X 
Cast Cobalt of High Purity. 
Aqua Regia and re-etched with Ferric Chloride and Hydrochloric Acid. 
Zeiss 50 millimeter micro-planar. 
None. 
Wratten “C”’ 4000 to 5100 A.U. 
"E: Wratten ‘“‘M.” 
aa SURE: 25 seconds. 
LLUMINATION: Oblique Light. 


Before etching, this specimen showed a perfectly polished surface at 400 diameters. It is 0! 
: F ; perzecuy P ; o 
interest to note the angular relationship of the lines developed by etching, and to compare thes 
with the orientation and crystal formation developed at higher magnifications in Plates XVI 


XIX, inclusive. 
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PLATE XVI 
Magnification 2950 X 
SUBJECT: Cast Cobalt of High Purity. 


ETCH: | _. Aqua Regia and re-etched with Ferric Chloride and Hydrochloric Acid. 
OBJECTIVE: Zeiss 2 millimeter Apochromat. 
N. A 4 


OCULAR: Zeiss Compensating K-12, 15 
FILTER: Wratten “C’’ 4000 to 5100 A.U. 
PLATE: Wratten “*M.” 


Mn 
EXPOSURE: 25 seconds. 


A portion of one of the crystal grains shown in Plate XV. 
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PLATE XVII 
Magnification 1600 X 
Cast Cobalt of High Purity. 


Aqua Regia and re-etched with Ferric Chloride and Hydrochloric Acid. 
Zeiss 3 millimeter Apochromat. 


Zeiss Compensating K-8, 10 X. 

Wratten “D” and “‘H.”” Dominant Wave Length 4500 A.U. 
Wratten “*M.” 

One and one-half minutes. 


This photograph shows a further development of the crystalline structure of pure Cobalt. 
The pattern resolves itself into hexagons, equilateral triangles and rhomboids, which appear to 


be indicative of crystallization in the cubic and the hexagonal systems. 
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PLATE XVIII 

Magnification 2950 X 
SUBJECT: Cast Cobalt of High Purity. 
ETCH: = Aqua Regia and re-etched with Ferric Chloride and Hydrochloric Acid. 
i ag TIVE: — 2 millimeter Apochromat. 
N. A, 4. 
OCULAR: Zeiss Compensating K-12, 15 X. 
PIL PER: Wratten “C’”’ 4000 to 5100 A.U. 
PLATE: Wratten “M.” 
EXPOSURE: 25 seconds. 


A portion of one of the crystal grains shown in Plate XV. The appearance and angular 


arrangement of the etching pit would seem to indicate that the surface of the specimen corresponds 
very closely to a cleavage plane. 


a 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


PLATE XIX 
Magnification 2950 X 
Cast Cobalt of High Purity. 


: Aqua Regia and re-etched with Ferric Chloride and Hydrochloric Acid. 
: Zeiss 2 millimeter Apochromat. 


Zeiss Compensating K-12, 15 
Wratten “C” 4000 to 5100 A. 
E: Wratten ““M.” 
EXPOSURE: 25 seconds. 
This photograph seems to indicate that the Widmanstatten st-ucture has formed and ifs 
of the preceding plates are examined closely, the same structure will be evident. 


X. 
U. 
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turbances of slight or moderate intensity can usually be ironed out 
hy a really simple expedient. Because a photomicrograph is “fuzzy” 
does not necessarily imply that vibration made it so. Polish, etch, 


tarnish and focus—one or all—may have been responsible. 


Exact FOCUSSING ESSENTIAL 


High-power work calls for exact focussing. This is some- 
what difficult with the present apparatus because the rigging at- 
tached to the fine adjustment for distant control is neither suf- 
ficiently slow moving nor exact enough in its adjustment. The 
objection is not a serious one as refinements in the mechanism are 
possible. In practice the image first is roughly focussed on a ground 
glass screen after which the operation is completed on a clear 
glass screen with the aid of a focussing magnifier. If a dark 
filter such as a “C”’ filter or the “D” and the “H” filters together 
are inserted in the light beam the final focussing can be made with 
more exactness. 


Tue VALUE oF HicH-POWER PHOTOMICROGRAPHS 


The question has often been asked, “What do high-power 
photomicrographs show that cannot be shown by lower magnifica- 
tions?” The usual answer seems to be that high-power pictures 
have not added to our store of knowledge although they have con- 
stituted an interesting if somewhat “fuzzy” exhibit. According 
to the writer’s way of thinking this is not the real answer. 

The fact that secondary structure is not resolved does not 
necessarily mean that fine structural details do not exist. It does 
mean that either we do not know how to prepare the surfaces 
so that these details are differentiated or else the separation is 
beyond the resolving power of the objective and the light. Negative 
results do not signify that our knowledge has not been augmented. 
So far as metallurgical work is concerned, it seems probable that 
the possibilities of the finest objectives now available are far be- 
yond our ability to use them to best advantage. When we have 
learned how to improve our method for preparing and for etch- 
ing specimens it is possible that an entirely new field of investiga- 
tion will be open to us. 


"he photomicrographs accompanying this paper were taken by 
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the writer in the Bell System laboratories of the American 
phone and Telegraph Co. and the Western Electric Co., Inc.., 
York City. Some of the pictures are of the same subject 


progressively higher magnifications so that the effect of magnifica- 
tion may be evident. They were selected as representative 
large number taken in the course of our work throughout a period 
of several years. All were taken in connection with definite en 
gineering problems in order that the knowledge derived migh; 
enable us to secure better materials. 


(CONCLUSION 


In this paper it has been the author’s object to show somewhat 
generally the possibilities of high-power metallography as applied 
to industrial problems. With each picture there is included a 
brief description and data pertaining to the specimen, its prepara- 
tion, the optical parts, and the wave-length of the light used. In 
each case the magnification was determined accurately by means 
of a high-power stage micrometer. 





THE EFFECT OF SILICON ON THE THERMAL 
CRITICAL POINTS OF STEEL 


By F. L. Meacham 


Abstract 


The effect of silicon on the Al point of steel is to 
raise the Acl point 28.1 degrees Cent. and the Arl point 
28.9 degrees Cent. per cent of silicon. The effect on 
the A2 point of steels under 0.29 per cent carbon is to 
lower the poimt by 11.1 degrees Cent. per cent silicon. 
The carbon content of the steel apparently has a marked 
effect on the A2 point wm ferro-silicon alloys. The A3 
point is difficult to follow in silicon steels since silicon 
diminishes the intensity of the powmt very rapidly. <A 
method employing the change in electrical resistance at 
the A3 point, points toward a possible method of follow- 
ing the transformation further than it has previously 


been followed. 


OBJECT OF THE INVESTIGATION 


HE object of this investigation was to determine the effect 

of silicon on the thermal-critical points of steel. That is 
to say, to ascertain the position of the points Al, A2, and A3 in 
iron-carbon-silicon steels and to compare the position of these 
points with those of pure iron-carbon alloys. 


HISTORY 


This subject is one upon which comparatively little work 
has been done. The oldest authoritative reference which was 
found was that of W. Gontermann of Victoria University, Man- 
chester. His work was performed principally by taking cooling 


curves of various samples, and by studying quenched specimens 
under the miscroscope. He states that his method of taking cool- 
ing curves was not a particularly sensitive one and that the only 


\ thesis presented in partial fulfillment of the requirements for the 
degree of Bachelor of Science in Metallurgical Engineering at Case School 
ot Applied Science, June 1923. Experimental work conducted in the Re- 
search Department of the National Malleable Castings Co., Cleveland, O. 
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transformation which he had been able to investigate the 


c 
< 


was that of the formation of pearlite, or the Al point. 


Charpy and Cornu-Thenard also did some work along 
line, the results of which were published in Vol. XCI of the 
Journal of the Iron and Steel Institute in 1915. The following 
is a summary of their results. 


Influence of silicon on the Al, A2 and A3 points: 
They were able to confirm, as other observers had pointed 
out, that the A3 point rapidly decreases in intensity when the 
percentage of silicon increases, at the same time rising on tl 


the 
temperature scale. The temperature at which the Al perturbation 
takes place rises with the silicon percentage, this point reaching, 
and then passing the A2 point while becoming gradually fainter. 
After reaching a given percentage of the metalloid and for a given 
rate of variation of the temperature, the Al point completely dis- 
appears, and all the carbon of the steel is found in the state of 
graphite. 

The A2 point falls gradually in the temperature scale as the 
percentage of silicon rises, losing little by little its intensity the 
while, but still persisting in a very clear manner in metals con- 
taining up to 7 per cent of the metalloid. At this percentage of sili- 
con, the A2 point is the only abnormality which appears upon ther- 
mal investigation, in alloys containing low carbon, even when the 
rate of variation in temperature be sufficiently accelerated. 

The most recent work which has been done on this subject, 
exclusive of the present investigation, is that of Howard Scot 
of the Bureau of Standards. His work in connection with ferro- 
silicon alloys was done on steel of about 0.45 per cent carbon 
content. The manganese averaged about 0.70 per cent. Acl 1s 
raised 21 degrees centigrade and Arl raised 18 degrees Cent. 
for each per cent of silicon added up to at least 3 per cent, while 
A2 is lowered 21 degrees Cent. for the same increment. 


DESCRIPTION OF APPARATUS 


Crucibles 


A satisfactory crucible in which to melt the samples was 4 
source of much trouble at the beginning of the experiment. The 
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crucible which was finally used and which gave good results was 
made by lining a graphite shell with magnesia. 
Furnace 
The furnace used for melting was a_ horizontal granular 
carbon resistance type. 
a transformer at a 
maximum of 90 volts. Control of this furnace was accomplished 


Current to the furnace was supplied by 


hy means of an induction voltage regulator connected into the 
power line, ahead of the transformer. 


Casting 


Casting was done in a box filled with ordinary molding sand 
properly tempered and packed. The test pieces were made about 
4 inch in diameter, 2% to 3% inches long, depending upon the 
amount of material melted. These castings were allowed to cool 
in the sand. When cold they were removed, cleaned and machined, 
the turnings being saved for chemical analysis. 


Transformation Point Apparatus 


The equipment used for this purpose was a regular type trans- 
formation point recorder, as manufactured by the Leeds and 
Northrup company. 


ELECTRICAL RESISTANCE APPARATUS FOR LOCATING A3 


In an effort to locate the A3 point and follow it further than 
it had previously been followed in the iron-carbon-silicon alloys 
another method was tried. This method, suggested by H. A. 
Schwartz (modified from Honda), employs the principle that the 
A3 transformation is accompanied by a marked change in electrical 
resistance. 


The specimens for use were machined into the shape of bars 


with a rectangular cross section 4% by 1% by 314 inches long. The 
samples examined, were joined at one end to a bar of Armco 
(nearly pure) iron of the same dimensions. The samples thus 
mounted were connected as shown in Fig. 1. 


In Fig. 1, I represents a bar of Armco iron and §S the steel 
sample. These two bars are joined at A, from which point a 
lead is taken to one side of the difference galvanometer of the 
transformation point apparatus. 
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Current is supplied by the battery B, which is conducted , 


{) 
\ 


the bars by iron wires connected to the samples at the points ( 





and C'. Another set of lead wires are connected to the specimens 





at the points E and E*. These wires lead to the variable re. 
sistance Rl and R2. From the point F another lead is taken to 
the difference galvanometer DG. 









’ Fig. 1—Showing Method of Connecting Specimens for Obtaining Their | 
in Electrical Resistance. 









When the battery B is connected and the resistance R1 and 
R2 properly balanced, no curent will flow through the circuit F, 
DG, A. If the resistance of either bar, the Armco iron or the 
steel, changes, a current will flow through that branch of the circuit 
and thus deflect the galvanometer in a direction depending upon 
which bar changes resistance. Thus, when the apparatus so ar 
ranged and balanced, is heated through the critical range of one 
of the bars, a deflection will be produced in one direction. This de 
flection will be counteracted when the other specimen reaches its 
transformation point and changes resistance, provided that the re 
sistance of both bars changes in the same direction. 

















The temperature of the specimen is measured by placing a 
thermocouple close to the specimen at the point H. This 
is then connected to the potentiometer of the transformation 
point equipment. By this procedure both the temperature and the 
change of resistance could be recorded directly upon the regular 
type of chart used with this equipment. 













The type of curve which would be expected from this pro- 
cedure is shown in Fig. 2. The slope of the line AB is due to 
a slow but constant heating of the specimen accompanied by 4 
gradual and slightly differential change in resistance of the spect- 
men. When the transformation point of one of the bars 's 

















1923 EFFECT OF SILICON ON CRITICAL POINTS 


reached such as the point B, a change in resistance occurs which 
is accompanied by the corresponding deflection BC. When the 
transformation has completed itself the course of the curve will 


he along the line CD, practicaly parallel to, or in the same gen- 


) 


lig. Type of Curve to be [Expected 
irom Tests Made with Apparatus in Fig. 1 


eral direction as AB. When the transformation point of the sec- 
ond bar is reached, its resistance changes and is accompanied by 
the deflection DE. If these deflections should happen to occur 
at the same temperature and the amount by which the resistance 
changes be the same, no deflection would occur and we would have 
the straight line ABEF. 

Upon repeated heating and cooling the deflection correspond- 
ing to the A3 point for the Armco iron should always occur at the 
same temperature. By using different steel samples with vary- 
ing silicon content, the position at which the deflection due to the 
A3 point in the steel occurs will move up or down the temperature 
scale. Thus, by making a series of these curves it should be pos- 
sible to trace the path of the A3 point as it changed its position, 
due to the silicon and carbon of the steel. 


DETAILED ACCOUNT OF METHOD OF PROCEDURE 


The samples tested were prepared from Armco iron, ferro- 
silicon and washed metal, melted together in the proper proportion 
to give the desired chemical analysis. Four series of samples were 


selected, each series having a different carbon: content, ranging 
Irom 0 to 0.75 per cent, namely 0, 0.25, 0.50 and 0.75 per cent. 
For each of these carbon percentages, samples were prepared with 


silicon contents approximately 0, 0.50, 1.00, 2.00, 3.00 and 4.00 
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per cent. Considerable difficulty was experienced in makine 
mens of the desired compositions, 


When the calculated amounts of each material had 


charged into the hot crucible and allowed to melt. they 


Table I 
Chemical Composition and Thermal-Critical Points of Steels Tested 


Car! on Silicon Critical Points—Degrees Fahrenheit 
Per cent Per cent Arl 
Series-1 
0.26 0.07 1300 
0.26 1.20 1310 
0.10 5 00 ¢ 1530 
; Series-2 
O 38 39 1305 
O 5 335 1310 
0, 3 3 385 1310 
0.38 1360 
0 1590 
Series-3 
1300 
1250 
1400 
1440 
Series-4 
1350 
1380 
1510 
1310 
Series-5 
1330 
1300 
1305 
1400 


CoCoNwY 
eee ere 


Series-6 
1390 
1370 


vigorously stirred with a soft iron wire and then allowed to re- 
main in the furnace for about ten minutes, so as to insure thorough 
mixing of the different materials charged. 

When ready to pour, the current was turned off from the fur 
nace and the crucible removed with a pair of tongs. The liquid 
melt was then poured into a mold made with ordinary molding 
sand. All analyses are recorded in Table I. 

Thermocritical curves were taken on all of the samples 
made. It proved impossible, however, to follow the A3 trans- 
formation with the transformation equipment, so it was decided 
that a series of cooling curves should be taken on liquid low 
carbon samples of different silicon content. This procedure was 
tried by melting up material of the desired composition and then 
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placing a thermocouple in the bath, the couple being protected 


by a fused quartz tube. This method did not prove to be a suc- 











Per Cent! Silicon 


Fig. 4—Showing the Effect of Various Amounts of Silicon on the 
Critical Points of a 0.30 to 0.40 Per cent Carbon Steel, 


Fahr 


Degrees 
~ 





2  - 
Per Cent Silicon 


Fig. 3—Showing the Effect of Various Amounts of Silicon on the 
Critical Points of a 0.10 to 0.26 Per Cent Carbon Steel. 


cess, due to the fact that the rate of cooling was too irregular even 


though precautions were taken to promote regular cooling. The 


results trom these tests, when plotted, were meaningless for any 
of the points other than A1. 
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mber 
DISCUSSION AND CONCLUSIONS 


In taking the data incorporated in the results of this in 


vesti- 
gation the location of the Acl 


and Arl points was taken at the 


a 
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Degrees Fa 





| 


Fer Cert S1/1c0n 


Fig. 5—Showing the Effect of Various Amounts of 


Silicon on the 
Critical Points of a 0.44 to 0.52 Per Cent Carbon Steel. 
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Per Cent Silicon 
Fig. 6—Showing the Effect of Various Amounts of Silicon on the 
Critical Points of a 0.58 to 0.64 Per Cent Carbon Steel. 
point at which the break in the transformation curve starts. In 
the interpretation of the A2 point, a different method or system 
was employed. Due to the characteristic shape of the A2 point 
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the peak of the break was taken as the temperature of the 


transformation. There is very little hysteresis in the A2 pont, 
. consequently, it often happens that the A2 transformation may 


Ss tor 
& 
Ss 


2 
Fer Cent Silicon 


Effect of Various Amounts of 


Showing the 
[ Carbon Steel. 


70 Per cent 


Fig. 
Points of 0.7 


Critical 


Reproduction of Transformation Fig. 9—Reproduction of 
ve of a 0.26 Per Cent Carbon, Point Curve of a 0.26 Per Cent 
1.20 Per Cent Silicon Steel. 


r Cent Silicon Steel. 


Transformation 


Carbon, 
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Fig. 10—Reproduction of Transformation Fig. 11—Reproduction of T: 
Point Curve of a 0.10 Per Cent Carbon, Point Curve of a 0.38 Per « 
5.00 Silicon Steel. 0.39 Per Cent Silicon Steel 





Fig. 12—Reproduction of Transformation Fig. 13—Reproduction of Tra: 
Point Curve of a 0.30 Per Cent Carbon, Point Curve of a 0.52 Per Ce! 
4.35 Per Cent Silicon Steel. Curve 3.45 Per Cent Silicon Steel. 
Smoothing out at High Silicon Content. 
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iden in the Acl transformation on the heating curve while 
- cooling curve the Arl transformation will be lowered, due 
steresis, sufficiently to show the A2 point. If the A2 point 
tained on both the heating and cooling curves it was found 
the Ac2 point would be slightly above the Ar2 point. In such 
the mean of the two points was taken as the actual critical 


\ tabulation of the temperature at which the Acl, Arl, and 
ints occur is found in Table I. When these values are plotted 
Figs. 3, 4, 5, 6 and 7, the effect of silicon on the thermo- 
critical points is shown. 
lt was found that the Al transformation remained a horizon- 
line in the Iron-Carbon diagram, but was gradually raised in 
ortion to the silicon content. The Acl point rose an average 
if 28.1 degrees Cent. for each per cent of silicon, while the Arl 
rose 28.9 degrees Cent. for each per cent of silicon. If the 
iverage of the Acl and Arl points be taken as the position of the 
\l point, and a line drawn through this average value, it will 
tersect the temperature ordinate at 1300 degrees Fahr. or 704 
erees Cent. This is the value for iron obtained from this work 


differs trom the temperature generally accepted for Al by 
lO degrees Fahr. or 6 degrees Cent. This small discrepancy 
within the working limits of the apparatus and any personal 
which might enter into the results. Figs. 8, 9, 10, 11, 12 


nd 13 show some of the types of curves obtained. 
hy the method of interpretation employed for the A2 points 
he curves from samples included in Series 1, the effect of the 
is to lower the point by 11.1 degrees Cent. This value 
ery close to the value noted by previous investigators with the 
excepuon of Howard Scott, whose work was performed on. steels 

ihout 0.45 per cent carbon. 

ihe remaining series do not check Series 1 in regard to the 
ing of the A2 point. Undoubtedly discrepancies of interpre 
vecur, due to the range of carbon content of the samples 
ied in each series, inasmuch as the carbon does affect 
sition of the A2 points in steels. The variation in 
content cannot be made to account for all the difference 
ries 2, 3, and 4, because in these series the difference from 
1 is too great for the small variation in carbon to produce. 
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In Series 4, the A2 point tends to rise somewhat as the 
increases until 2.5 per cent is reached after which point it 
rapidly. This break in the A2 point was also noted by ( 

in his work on the subject. A2 as noted in the graphs representi 
Series 2 and 3 is practically horizontal with perhaps a slight 
dency to drop. 

So far as this problem was carried nothing detinite wa, 
learned about the A3 point except that with the addition of silicon 
it becomes very faint and difficult to find. The method involving th 
change of electrical resistance points toward a possible method 
following the transformation. 

The author wishes to express his appreciation to all thos 


who have, in any way assisted him with the work in connectior 


with this investigation. Especially does he wish to thank H. A 
Schwartz, director of research of the National Malleable Casting. 


Company, for the privilege of working in his research laboratory, 


and for the many valuable suggestions made in connection with 
the problem. Likewise does he wish to express his appreciatioi 
to Prof. H. M. Boylston who so willingly co-operated with hin 
in all ways. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discuss 
of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 
to Refer to Serial Numbers of Questions 


NEW QUESTIONS 


QUESTION NO. 99. What is the effect of barium cu) 
and sodium carbonate m carburizing compounds, on alloy cu 
ing boxes? 


QUESTION NO. 100. What action results from the | 
of varying amounts of aluminum and ferrosilicon to steel whil 
ing? 


ANSWERS TO OLD QUESTIONS 


QUESTION NO. 67. What is the reason for the fact 
piece of steel quenched in brine will be harder than the sain 
of steel would be if quenched in water, providing that the 
ing temperatures and quenching medium temperatures 
same im each case? 


ANSWER. By S. A. Richardson, Department of Engineer: 
Lewis Institute, Chicago. 

The ability of any medium to extract heat from a pu 
steel depends upon a combination of certain physical and che: 
properties. It is quite generally agreed that these properti 
viscosity, boiling or volatilization point, thermal conductivity 
sity, specific heat, latent heat of vaporization and heat of (che 
dissociation. The substance possessing the right combination oi 1! 


Ica 


properties will be a more drastic quenching medium than a sulstai 
not possessing this ideal combination. The actual temperatu 
the medium, within reasonable limits, may exert but little int! 
in such a case as outlined in this question. 

QUESTION NO. 69. Is sulphur up to 0.10 per cent 
mental to the quality and physical properties of an aut 
steel? 
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QUESTION NO. 72. What elements are conducive to good 
ric butt-welding of steels? 


QUESTION NO. 73. Does electric butt-welding destroy the 
ical properties developed ina steel which has been heat treated 
to the welding operation? 


QUESTION NO. 74. Why shouldn't a bar of steel rolled 
a locomotive axle be better than one rolled direct from the 


( made from the original ingot? 


QUESTION NO. 83. In annealing high-carbon tool steel 

open-fire furnace 6’ x 12’ is it likely that sulphur would be 

irted io the steel by the use of producer gas made from coal 
musually high in sulphur, say around 1.50 to 2.00 per cent? 


QUESTION NO. 85. What is the best method of prevent- 
carburization in holes, or in the bore of parts to be case hard- 


{ 


QUESTION NO. 92. What is meant by reduction of area 
tensile testing of metals? 


\NSWER. By S. A. Richardson, Department of [Engineering, 

is Institute, Chicago. 

\Vhen specimens of steel are subjected to tensile stress they 
indergo a decrease in diameter, or cross section at right angles to 

direction of the pull. The ratio, after rupture of the bar, be- 


en the area at the point of greatest decrease in diameter and 





TRANSACTIONS O1 
650 IMERICAN SOCIETY FOR STEEL TREATING \ 


the original area of the specimen, determines the per cent r 


of area. It is a measure of the ductility of the steel. 


QUESTION NO. 93. What are the more common 1 
of quenching ordinary taps? Are they quenched all over «a 
shanks drawn, or are they quenched only on the threaded po) 
or are both the threaded portions and the tangs quenched, 
the center portion of the shank soft? 


QUESTION NO. 94.) What are the most salient ca 


the explosive disruption of many hardened steel articles? 


ANSWER. By S. A. Richardson, Department of [Engine 
!_ewis Institute, Chicago. 


The explosion, or sudden breaking of the steel is caus 
course, by internal stress, which apparently may be produced |) 
causes. The first condition is observed more often in pieces o| 
siderable mass. It appears that the outer shell of the 


p ect 
quenched steel undergoes the changes occurring in the critical 


Telhlie’'¢ 
Lcllit 


and becomes set before the interior has accomplished these chang: 
so that the marked expansion that should take place is suppress 
in the interior of the steel. The stress set up by the interio 
the steel endeavoring to effect this volume change is usuall) 


cient to burst the piece. In most cases, this can be prevented 


placing the piece in the drawing furnace or bath immediatel) 

its removal from the quenching tank, thus softening the exter 
so that it will give without cracking. The same thing may often | 
done by withdrawing the quenched piece from the bath as so 

the steel is black, so that it may be tempered by its residual 
The second condition may be due to a nonuniform quenching 
uniform drawing, or quenching a nonuniformly heated piece. ‘Th 

a properly quenched piece of steel—all martensite—if drawn 
only part of its mass will rupture in the same manner. The ex 
planation appears to be that the constituent produced by the draw 
ing, say troosto-sorbite, has a different volume than the constituer 
of the untempered area, which we have said is martensite " 
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ual volumes in a piece of steel will set up internal stress 


ient to produce rupture, or in a more ductile steel. to pro 


warping 


UKRSTION NO. 95.) What ts meant by “self hardening” 


\NSWER. By Frank 


; Garratt, superintendent, Latrobe [Elec 
Steel Co., Latrobe, Pa. 


ln a general sense “‘self-hardening” steels are those which, by 


e addition of some element other than carbon become hard 


en cooled freely in air from, or above, their hardening tempera 


‘rom this definition it will be seen that ‘“‘self-hardening”’ steels 


nay cover a wide range of composition including particularly, 
certain chromium, nickel chromium, molybdenum chromium, and 


tungsten chromium steels, and certain combinations of tungsten, 


hromium, molybdenum, and vanadium. High-speed steel is the 


ost common example of “self-hardening”’ steels. 


\While the definition given above may include a large number 
i steels, some tool steel manufacturers and users have in mind a 


certain distinct type of steel when the term ‘“self-hardening”’ is 
ised. This type of steel is the forerunner of the modern high 
speed steel, and as compared with the latter is very high in carbon, 
low in tungsten, and free from vanadium. In certain cases molyb 


lenum has replaced the tungsten addition. 


[his steel came into use soon after Mushet’s discovery that 


ingsten in combination with carbon and manganese (and_ later 


hromium) produced the property of the steel becoming hard on 
voling freely in air from the hardening temperature. Owing to 
very unusual property, at that time, the steel was called “self 
hardening.” 
\s these early types were perfected, resulting in steels of 
ved compositions and greater cutting capacities, the term “high 
~ steel came into more general use, and the term “self-hard- 
Was retained to distinguish the early types of cutting tools 
the more modern high-speed steels. 
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Some actual analyses of these early types of “‘self-hard 












steels are as follows: 


NN: das Oe ae 2.18 1.79 98 | 
Tungsten ........ 8.80 7.87 8.75 n 
Chromium ....... 1.89 3.72 2.98 
Molybdenum ....none none none 
EE ee dinweae 1.13 15 .28 


Manganese ...... 2.24 28 39 





It should be understood, of course, that the term “sel! 
ening’ is used in a relative sense, since the sections treated nat 
influence the rate of cooling, and the degree of hardness a 
(which must also be taken into consideration) is depend 
a certain extent upon such rates of cooling. 














Steels that ordinarily are not classed as “self-hardening” ight 
become hard on air cooling if the section is sufficiently small, whit 
unusually large sections of some “self-hardening”’ steels ma 
become sufficiently hard on merely air cooling. 


QUESTION NO. 96. Can the structure of a piece o| 
be determined by the microscope applied to the fractur 
cross section, without polishing and etching the fracture, sa) 
stamping die 6 x 2 x 3% inches, that has been harden 
broken in half, that is, are the different structural pheno 
known as austenite, martensite, sorbite, ferrite, etc., so dete) 


able? 











QUESTION NO. 97. What degree of heat is required 
change austenite to martensite, troosite, etc? 





QUESTION NO. 98. What heat treatment will give a pw 
martensite structure throughout the hardened area of a pt | 
steel 6 x 2 x 3% inches? 
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News of the Chapters 


SCHEDULED REGULAR MEETING NIGHTS 


\R the convenience of visiting members, those chapters having 
ular meeting nights are listed below. It is desired that all sec 
s whose chapters are not included in the list communicate with 

National office in order that the list may be as complete as possible. 
leveland—Fourth Friday, Cleveland Engineering Society rooms, Ho 

\Vinton; meeting at 8 p. m. 

New Haven—Third Friday. 

New York—Third Wednesday, assembly room, Merchants Associa 
§ New York, ninth floor, Woolworth building. 

tri Citv—Third Thursday. 


CINCINNATI CHAPTER 


HE Cinemnati chapter of the American Society for Steel Treating 
held its first regular meeting of the season on Thursday October 
8 p.m. in the Ohio Mechanics Institute. The paper of the evening 
titled “Pyrometers” was presented by John H. Ames, works man 
Merrill Chemical company. This was the second installment on 
ubject that Mr. Ames has given and its presentation brought forth 
iv interesting and instructive points, 


BOSTON CHAPTER 


he first monthly meeting of the Boston chapter was held Thurs 
evening, Oct. 25, 1923 at 6:30 p.m. at the Unity House, Park Square, 
ton, at which time a cafeteria supper was served. Following the 
per the usual sing of popular songs took place. The executive 
mittee have found that the practice of having a “sing” at each meet 
helps materially in promoting good-fellowship and in getting the 
bers better acquainted with each other. One of the principal 
of the Boston chapter this year in addition to taking definite steps 
crease our membership is to see that all members become ac 
nted on a personal and friendly basis. 
ollowing the supper and social time a report of the chapter’s dele- 
it the Pittsburgh convention was read and a unanimous vote was 
d by the Boston chapter instructing the secretary to senda written 
ition to the National Society to hold the convention in Boston 
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next year Next a report was read by the chairman of the 
committee outlining the plans as arranged for the coming 
our chief interest was the meeting planned tor November wh; 
poses a trip in the afternoon to the Watertown Arsenal wit! 
and speeches by members of the arsenal personnel. 

Following this business of the meeting a very interesting 
structive talk was delivered by Major A. E. Bellis of the Bell 
lreating Co., New Haven, Conn., and chairman of the Hardnes 
ing Committee of the National Research council on the sub 
“Hardness Testing.” Major Bellis took a few moments from 
to assure the Boston chapter of co-operation trom the New 
chapter toward having the convention in’ Boston next vear 
Bellis then outlined the work of the Hardness Testing commit 


the National Research council explaining the committee's 


and aim and quoting directly from Dr. Hollnagel’s paper prin 


TRANSACTIONS last year and illustrating the necessity of arriving 
definite decision as to what hardness actually meant and how it 
be tested. Major Bellis touched in a descriptive way, on all the 
means and methods of hardness testing available and. since ly 
brought with him one of the new Herbert hardness testers, a 
stration of this instrument was given and the talk swung direct! 
a very interesting discussion, principally concerning this ney 
and Mr. DeForrest’s method ot magnetic hardness testing \I 
Bellis's talk, was very interesting and instructive but what was 
more satisfactory was the very general and complete discussion 


followed and from which all obtained considerable information 


CLEVELAND CHAPTER 


The first meeting of the season of the Cleveland chapte: 
American Society for Steel Treating was held on Friday, Octol 
in the rooms of the Cleveland Engineering society, Hotel Winto: 
8 p.m. This meeting was held for the purpose of renewing acquat 
rather than for technical purposes. Those in attendance were 
tained by orchestra and vocal selections. Dinner was served p: 


to the meeting at 7 p. m., at the Hamilton restaurant. 


DETROIT CHAPTER 


The Detroit chapter of the American Society for Steel | 
held its regular monthly meeting on Monday, Oct. 29 in the General M 
tors building, Wing E, fifteenth floor at 8:00 p.m. The speaker 
evening was Professor H. M. Boylston, Case School of Applied 5: 
Cleveland who spoke on “Metallurgy—Past, Present and Fut 
There were a large number of slides shown to illustrate this 
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nasmuch as Protessor Boylston is a recognized authority on the 


structure of metals, he had a message for both the practical and 
retical man. - A very interesting and instructive discussion took 


following this presentation. W. H. Eisenman, national secretary 


at this meeting and gave a 
tters of interest to the members ot the 


e society Was present short address on 
society Dinner was served 
ous to the meeting at 6:30 p.m. in the private dining room on the 
ourteenth floor of the General Motors building. 


HARTFORD CHAPTER 


Ihe Hartford chapter ot the American Society 


tor Steel Treat 
held a regular monthly meeting 


on September 11. The speaker 
the evening was H. M. Candee, Bristol company, Waterbury, Conn., 
vho gave an exceedingly interesting paper on “Modern Automatic Heat 
Control on Industrial Furnaces.” This paper was well illustrated with 


diagrams and its presentation was followed by a lively discussion. 


LEHIGH VALLEY CHAPTER 
the Lehigh Valley chapter of the American Society for Steel 
Kngineers’ Club on Friday 
evening, October 19 at 8 p. m., in the physical laboratory of the Lehigh 
University, Bethlehem, Pa. 


Stoughton, Ph, >, B. S 


lreating held a joint meeting with the 


The speaker for this meeting was 
. professor of metallurgy, Lehigh 
who chose for his subject “Heat Treatment of 
subject which has been under 


Bradley 
University, 
Cast Iron.” This is a 
investigation for many 
process which has been 
ind which has proved to be 


vears and Dr. 
recently developed 


This meeting was very 
ll attended and an interesting evening was spent by all 


Stoughton told of a new 


very satisfactory. 


MILWAUKEE CHAPTER 


Che Milwaukee chapter of the American Society for Steel Treat 
held a meeting on September 7th at which time the affairs of the 
chapter for the coming vear were outlined. At 
lowing new officers were elected: H. B. 
tum, vice chairman and H. J. Stein, 
directors of the chapter are A. W., 
ornberry and Walter Guyer. 


this meeting the fol 
Knowlton, chairman; L. L. 
secretary-treasurer. The board 
Lorenz, H. G. Lloyd, R. A, 


(he chapter held a second meeting on September 2 


5 at the Blatz 
|, dinner having been served previous to the meeting. The speaker 


the evening was H. E. Scarbrough, industrial heating engineer, Gen- 
| Electric Company, Chicago, who chose for his subject “Industrial 
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Electric Heating.” This paper was presented in a very capable . 
and gave a birdseye view of existing applications of electrical 
including low and high temperature production. lantern slide: 
shown of modern installations of low and high température equi; 
\ very interesting and instructive discussion followed. 

The chapter held a regular meeting on Monday, October 2. 
p. m. in the Blatz hotel. Edwin T. Jackman, Firth-Sterling Stee] 
pany, Chicago, was speaker of the evening, gave a very « 
presentation choosing for his subject “Stainless Iron and Stee! 
very interesting discussion followed the presentation of this 
Dinner was served at 6 p. m. preceding the meeting. 









NEW HAVEN CHAPTER 


The New Haven chapter of the American Society for Steel 
ing held their first meeting of the season on Friday, September 
the New Haven Yacht club, Morris Cove. At this meeting Majo: 
chairman of the chapter, presented W. G. Aurand, secretary o 
chapter with a twenty gauge Marlin pump gun in honor of wi 
the membership contest conducted by the chapter during the past 
The speaker of the evening, W. J. Kaup, mechanical engineer, ¢ 
very interesting talk entitled “Our Job.” The following questions 
answered by members: “How long should a tool be left in the que: 
was answered by James Black; “Should high-speed steel be used 
drawing dies?” by J. F. Brooks; and H. C. Goodwill gave an answ 
“How far would you go above the critical point im hardening wit! 
Hump Furnace?” It has been reported that this meeting will 
be remembered by those present. Dinner was served at 6:30 
preceding the meeting. 

The chapter held their second regular monthly meeting on Octo! 
19 at 8 p. m. in the auditorium of the Chase Metal Works, Waterbu 
Conn. The topic for this meeting was entitled “Tool Room Troub! 
presented by A. H. Kingsbury, Crucible Steel Company of Ameri 
Atha Works, Harrison, N. J. Inasmuch as this paper has been 
lished in TraANsActions all members were familiar with it and a 


enthusiastic discussion ensued, the participants bringing up man) 
teresting and instructive points. Dinner was _ served preceding 
meeting at 6 p. m. at the Hotel Elton at which time the Waterbu 
members entertained those in attendance with vocational select: 
by Miss Gladys Hedberg and Mr. George Heywood. A _ very 
joyable time was spent by all. 







NEW YORK CHAPTER 


The New York chapter of the American Society for Steel Trea 
held a meeting on Wednesday, Oct. 17 at 8:15 p.m. in the assembly 1 





VEWS OF THE CHAPTERS 


Merchants Association of New York. The program of the eve- 
consisted of motion pictures being shown entitled “The Jewel of 
ry.” The film covered the following topics: Creation of Electrical 

at Niagara Falls; Manutacture of Carborundum and Aloxite; 
ot Grinding Wheels, Abrasive Papers, Abrasive Cloth, 


ening Stones. Francis D. Bowman, Carborundum 


and 
Company, N1- 
Falls, gave an explanatory lecture during the presentation of the 
s. C. E. Hawke, of the Carborundum Company, gave a practi- 
nd scientific talk entitled “Refractories for Heat Treating Fur- 


Dinner was served at the Post Keller restaurant at 6:30 p.m. 
the chapter is making preparations for the first annual New York 
smoker to be held on Nov. 21 at the Cate 


Boulevard. A good 
is anticipated. 


NORTHWEST CHAPTER 


(he Northwest chapter of the American Society for Steel Treat- 
held a regular meeting on Tuesday, October 23 at 7:45 


p. m. in 
\Mlanufacturers’ club. A paper entitled “Stainless Steel” 


was pre- 
ted by Edwin T. Jackman, Firth-Sterling Steel Company, Chicago. 

Jackman, a recognized authority on this subject, gave a_ very 
ible presentation which was followed by much interesting discussion. 


irman H. K. Briggs spoke of some of the papers of outstanding 


rest presented at the convention as well as some of the important 
ibits of heat treating equipment and materials displayed at the ex- 
ion in connection with the convention. This 
nded and proved highly successful. 


meeting was well 


PHILADELPHIA CHAPTER 
the Philadelphia chapter of the American Society tor Steel Treat 
held a-meeting on Friday evening, Sept. 28 at 


which time the 
pter resolved to offer one or 


more free scholarships in the course 
etallography given this year at Temple University and a committee 
appointed to tormulate and carry to a _ conclusion 
tion and appointment of men to these scholarships. 
iccordingly formulated the following rules to 
With the object of improving the art of 


plans for the 
The committee 
govern this work: 
treating siee!l bv the 

training of men engaged in this art, the Philadelphia chapte: 

tor the term 1923-24 at least three free scholarships in the cours: 
metallography given under its direction at Temple University. (2). 
scholarships are open to any man eligible to (active or associ- 
membership in the Philadelphia chapter. (3). It is expected that 
will be more applicants than scholarships to be awirded and the 


mittee will accept from the applicants the ones 


who in its opinion 
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are best fitted to derive the greatest benefit from the course. (4) 
receiving these scholarships will be required to attend the cours 
ularly and to maintain a satisfactory average of scholarship. 1 









rector of the course will report monthly to the committee on ca 
holding a scholarship. Failure to come up to the scholastic 1 
ments of the course will be considered as sufficient reason to wit! 
such scholarship at any time. When through such withdrawal o: 
other reasons a scholarship is vacant, it will be immediately fill 
the committee from the list of previous applicants. 

It is believed that this will work out very satisfactorily 










RHODE ISLAND CHAPTER 


The October meeting of the Rhode Island chapter of the Any 
Society for Steel Treating was held on Tuesday, October 2 at 8 









in the rooms of the Providence Engineering Society, 44 Washin 
street. This meeting was addressed by Joseph A. Doyle, vice presic 
W. S. Rockwell Company, New York City, who chose for his subj 
“Methods of Heating and Cooling.” Mr. Doyle who is an authorit 
on the heat treatment of steel, spoke about the first principles in th 












heating and cooling of steel from a practical standpoint. 


ROCHESTER CHAPTER 


The Rochester chapter of the American Society for Steel Treatu 







held a meeting on Wednesday evening, Oct. 31 in the rooms of 
Rochester Engineering society. The speaker for this meeting was 
B. Deisher, assistant superintendent, T. H. Symington Company, Li 
coln Park Works, Rochester, who chose for his subject “The Heat 
Treatment of MAlleable Iron”. Mr. Deisher gave a very capable prese: 
tation describing the process of the heat treatment of malleable iro: 
the problems dealt with and its adaptability to industry. This pap 
was illustrated with lantern slides and specimens were displayed \ 
very interesting discussion followed the presentation of the paper 











SCHENECTADY CHAPTER 


The Schenectady chapter of the American Society tor Steel Treat 
ing held a regular monthly meeting on Friday, Oct. 26 at 8:00 p.m 

the Civ‘l Engineering building, Union College. The chapter was hon 
ored by having Dr. Burgess the new president of the society as well 
as new director of the Bureau of Standards make his first chapter visi 
at their meeting. Dr. Burgess spoke on recent metallurgical work 

the Bureau. He also discussed the effect of high temperatures on metals 
and efficiency tests of high-speed steel. William H. Eisenman, national 
secretary of the society was also present and gave as usual, an 

thusiastic talk on the affairs of the A. S. S. T. 
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i. Saturday, Dr. Burgess was the guest ot the General Electri 


rch Laboratory, He spoke on the work of the Bureau in get 
nd particularly its bearing on the clectrical ndustries 
SPRINGFIELD CHAPTER 
the Springfield chapter of the American Society tor Steel Treating 
nt eeting Ol} ‘Tuesday, October 23 at 6 . i.. 2) the Froiand Chain 
\ife. Company, 139 North Main street. The speaker of the evening 


k. A. Juthe of the American Electric Furnace Corporation, Boston, 
spoke on “Electric Furnaces.” Mr. Juthe, who is a manufacturer is 
qualified on this subject and after his very able presentation lh 

demonstration Or one oO} the Hhnest installations O} electric ut 


m section oO thr countr 


SYRACUSE CHAPTER 


he Svracuse chapter ot the American Society for Steel Treating 


their first fall meeting on September 28 at the Yates Hotel Phe 


1 


vram of the evening consisted of a film being shown through the 
tesv ot the Carborundum Company ot Niagara Falls, covering the 
ing topics: Complete story of the creation of Niagara Falls 
er; Beautiful scenic views in and about Niagara: details study ot 
anufacture of the abrasives, “Carborundum and Aloxite;:” a com 
rehensive insight to the uses of modern abrasives in plants of all 


nds and character ranging trom the grinding oft steel castings 


Francis D. Bowman, advertising manager of the Carborundum Com 
delivered a short explanatory lecture during the exhibition of the 
ind he was accompanied by an expert who answered questions 
rding grinding operations Dinner was served previous to. the 
ny at 6:30 at the Yates Hotel 

TRI CITY CHAPTER 
On Oct. 17, the Tri City chapter of the American Society tor Steel 
iting opened a night school course at the Rock Island Manual Art? 
school, and will continue on each Wednesday evening for a period 
enty weeks. \ series of lectures on “Steel and Its Treatment” 
be given during the course, which outline is as follows: (1) 

M facture of Steel (2), Rolling of Steel—From Ingot to Finished 

(3), Composition and Uses of Steel. (4), Furnaces and Fuel 
‘yromeétry. (0), Review ot Lectures 1 to 5 inclusive. (7), Alloy 

st (8), Annealing and Normalizing. (9), Hardening. (10), Tem 

(11), Testing of Steel. Chemical and Phvsical 12). Review of 
es 7 to 11 inclusive (13). Carburizine 14 Forcing (15) 
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Cast Iron and Malleable Cast Iron. (16), Steel Castings. (17 
Steels. (18), Microstructure of the Metals. (19), Microstruct 
the Metals. (20), Review of Lectures 13 to 19 inclusive. 

The school is under the direct supervision of C. H. Burgsto: 
chairman of the educational extension committee of the chapte: 

The first lecture of the series entitled “The Manutacture o; 
was presented by A. H. Putnam of Davenport, lowa, on the « 
night at which time there were about one hundred in attendanc: 
chapter is very much satisfied with the success of the underta 
the response has been very gratifying. 


Editors Note:—This is a most commendable undertaking 


are looking forward to great results from this activity. 

The chapter held its second regular meeting on Thursda\ 
25 at the Davenport chamber of commerce. Professor H. F 
University of Illinois, Urbana, Ill, addressed the chapter at thi 
ing on the subject “The Fatigue of Metals.” Professor Moo: 
been in charge of the investigation of the subject which is being 
on by the University of Illinois, the National Research 
General Electric Company and several other of the larger indu 
A very lively and interesting discussion followed the 
Professor Moore’s paper. 


coulr 


presentat 


WASHINGTON CHAPTER 


The first meeting of the fall season of the Washington 
of the American Society for Steel Treating was held ,on Frida 
tember 28 at 8 _p. m. in the auditorium of the New Interior Dep: 
building. This meeting consisted of an informal assembly 
members and guests an opportunity to renew acquaintances. \ 
discussion of several metallurgical topics had been arranged 


all 
trated presentations were given by the following members with 
respective suljects: “Protective Coatings for Selective Case-Harde: 
by J. S. Vanick: “Heat Treatment of High-Speed Steel” }\ 

French and “Continuous Heat Treatment” by W. F. Graham. 

The meeting was well attended and an enjoyable evenin 
spent by all. 

The second monthly meeting of the chapter was held on | 
October 19 at 8 p. m. in the auditorium of the New Interior Depa 
building. The speaker for the evening was H. A. Schwartz, d 
of research, National Malleable Castings Company, Cleveland, wh: 
for his subject “Malleable Iron.” The speaker, who is nationally 
nized as an authority on this subject described the manufactur: 
erties and applications of malleable iron. His presentation was 
on wide practical experience and vears of scientific research wit! 
the large producers. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


STRUCTURE OF CHROMIUM-NICKEL STEEL. By H. B. Pulsi- 
1 ©. V. Greene in Chemical and Metallurgical Engineering, No. 28, 
authors of this article show how micrographs do not reveal any 
in structure in quenched chromium-nickel steel after various draws, 
there are large differences in the physical properties. Precautions 
en for etching and photographing. 


INFLUENCE OF TEMPERATURE, TIME AND RATE OF 
LING ON PHYSICAL PROPERTIES OF CARBON STEEL. 


{ 


By 
Howe, F. B. Foley and Jos. Winlock, in Transactions, American In- 
of Mining and Metallurgical Engineers, No. 1226-S, (1923). 
this article steels of 0.34, 0.52 and 0.75 per cent carbon were subjected 

rious temperatures above Ac,, held for 10, 60 and 120 minutes and 
at various rates; their tensile properties, hardness and resistance to 
were then compared. 0.52 per cent carbon steel was quenched 
ter from different temperatures above Ac, and drawn at a number of 
eratures below Ac, The same steel was subjected to repeated heatings 
he physical properties were determined. The specimens were treated in 
ch round sections. 


MAGNETIC CHANGE A, IN SILICON \ND CHROMIUM 
STEELS. By Howard Scott in Chemical and Metallurgical 


Engineering, 
No. 28, 1923, page 212. 


his article states that it is impossible to rely upon the loss of magnetism 


indicate proper hardening temperatures for these steels, since the carbon 


point is at a higher temperature than the magnetic change point. 


HEAT TREATMENT OF STEEL CASTINGS. By H. C. 
‘urnace and Steel Plant No. 11, 1923, page 95. 


Ihsen in 


(here is considered in this article the characteristics of 


steel castings 
raw and in the thermally treated condition. <A 


consideration of the 
treatment with relation to size and composition of casting is given. 


ORGING, ANNEALING, HARDENING AND TEMPERING 
STEEL. By E. J. O'Leary, heat-treating expert, Midvale Steel Co 


2 
2 
rancisco, in Western Machinery World, July, 1923, page 227 


aL. 


“e 


iis paper explains in detail how these four operations can be accom- 


and tells the kind of steel that should be selected for each use. 
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Reviews of Recent Patents 


1,452,810. Apparatus for Testing the Hardness of Metals and ot} 
Materials. Harold Moore and Richard Mather, Woolwick, England 


the above invention relates to an apparatus tor testing th 


ness of materials comprising a support tor the specimen to lhe 
hardened steel ball arranged above said support, a stirrup carry 
hardened steel ball and adapted to carry a known weight, and mi 
lowering said stirrup so that said ball is pressed into contact 


specimen under said known load 


1,452,856. Heating Furnace. Willibald Trinks, Pittsburgh, Pa 
assignor to Tate-Jones & Co., Inc., Leetsdale, Pa., 


a corporation ot 
Pennsylvania. 


This patent refers to a heating turnace with a annular, ho: 
rotating hearth table, independent vertically adjustable supports 
table, an enclosed inspection pit below said table, sand seals betwe 
heating chamber and the inspection pit, a plurality of regulable 
mission openings at the outer circumference of the inspection pit 


plurality of ducts leading from said pit to a central stack. 


1,452,936. Method of and Apparatus for Welding. Frank J. Schuman, 
Cleveland Heights, Ohio, assignor to the Allan Manufacturing and 
Welding Corporation, Buffalo, a corporation of New York. 


This relates to a method of filling recesses in iron articles 

steps which consist in establishing a closed electrical circuit throug! 
nickel pencil and the wall of such recess until a drop of the nickel 
melted and deposited, and then moving such pencil to a new point 


such wall and repeating such operation. 


1,453,097. Multiple-Unit Induction Furnace. Charles B. Foley 


Bristol, Conn., assignor to Charles B. Foley, Inc., New York City, a 
corporation of New York. 


The above patent reters to an electric furnace comprising a 
tacle of refractory material, having interior walls forming channel 
independent current-inducing means linked with said channels 
current inducing means being so connected as to produce seco! 
electromotive forces of the same direction. 
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ADDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY FOR 
. STEEL TREATING 


\NATION OF ABBREVIATIONS. M represents Member; A represents Associate Met 
resents Sustaining Member; J represents Junior Member, and Sb represents Subscribin 
\f ; Che figure following the letter shows the monthin which the membership became effective 


NEW MEMBERS 


RicHARD H. (M-4), 226 Adelaide Street, Indianapolis, Ind 


\RDOUIN, L. A. (A-2), United States Steel Products Co., Los Angeles, Cal 
\enoLp, SAMUEL 3rp. (M-10), c/o Tate-Jones & Co., Inc, Leetsdale, Pa. 
\ CRAFT, THOMAS (M-9), 216 Willow Street, W. Roxbury, Boston, Mass 
\ c, H. J. (A-6), 70 Crown Street, New Haven, Conn 


ey, FRANK E. (M-9), 376 McKee Place, Pittsburgh. 
Dwient L. (A-10), 937 Oliver Bldg:, Pittsburgh. 
es. H. L. (S-8), Hartford City Gas Light Co., Harttord, Conn 
BAI Joun (S-10), 8 Graiton Street, Worcester, Mass. 
Benson, EarLeE G. (Jr-10), 1814 Fifteenth Ave., Moline, Ill. 
rer, WALTER P. (M-9), Box 644, Midland, Pa. 
Beroken. H. S. (M-10), c/o Toledo Scale Co., Toledo, Ohio. 
Biscuorr, W. G. (J-10) 239 West Tenth Ave., Columbus, Ohio. 
Biair, W. J. (M-10), 104 Montview Ave., Toronto, Ontario, Canada 
Boarp, Riewarp C., (M-10), c/o Crucible Steel Company, of America, 
Pittsburgh. 
Bopkin, J. S. (M-10), c/o Auto Strop Satety Razor Co., 656 First Ave., 
New York City. 
BeipeN, FRANK H. (M-10), Nicholson File Co., Port Hope, Ontario, Canada 
BRINCKERHOFF, JOHN H. (M-10), Ingersoll-Rand Co., Phillipsburg, N. ] 
Br VETTE, H. L. (M-7), New Departure Mig. Co., Bristol, Conn 
burkiss, MicnAgL (M-3), 2724 Fourth Street, Detroit. 


CASTINE, CLARENCE (M-10), Harley Davison Motor Co., Milwaukee, Wis 
CHANDLER, F. C, Jr. (M-10), Chandler Motor Car Co., Cleveland. 
CHATILLON, R. R. (M-11), Foster Bros..& Chatillon Co., Fulton. N. \ 


CLEMENTS, B. (M-9), 162 Barton St., Buffalo, N. Y. 

Cook, R. G. (M-11), Bethlehem Steel Company, Bethlehem, Pa, 
CORNELL, EpGar, Jr. (M-3), 2200 Perrysville Ave., N. S. Pittsburgh 
Curry, Wittt1AM J. (M-10), Tioga Steel & Iron Co., Philadelphia. 
Dace, ANseL (M-11), 5136 E. Walnut Street, Indianapolis, Ind. 
Davis, Hucu F. (M-10), 20 Carrick Ave., Hamilton, Ontario, Canada. 
DeMMLER, A, W. (M-10), 217 Stratford Avenue, Pittsburgh. 
DONNELLY, W. W. (M-10), Federal Supply Company, Fort Worth 
Down, Wittram R. (M-10), Locust Street, Fleetwood, Pa. 

Dravo, M. S. (S-9), Crucible Steel Company of America, Pittsburgh 
Driscott, J. J. (M-9), 104 Magrolia Street, Syracuse, N. Y. 

MASTMAN KopaAk Company (S-10), Library, Kodak Park Whks., Rochester, 


z. 
ort, C. R. (M-11), Bethlehem Steel Company, Bethlehem, Pa 


iz Nas 


} 
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FircH, Grant (M-9), 202 North Lang Avenue, Pittsburgh. 

Flour, RAatpH C. (M-10), American Tool Works Company, ( 
Ohio. 

Forp, Atrrep (M-10), Chicago Nipple Manufacturing Company, C| 

GATHMAN, Emit (S-9), Gathman Engineering Company, Baltimor: 

GAYLEY, CHARLES T. (M-9), 7436 Schowyer Ave., Swissvale, Pa. 

GIFFORD, E-mer R. (M-9), Box 215, Midland, Pa. 

Goop, Harry W. (M-10), 1009%% Legonia St., Latrobe, Pa. 

GRAYSON, SYDNEY A. 


lt) 


(M-9), Jessop Steel Company, Washington, 

GREEN, Wooprorp M. (M-10), 1208 Wood Street, Pittsburgh. 

GrRoBSTEIN, Apert (M-10), 1032 Chislett Street, Pittsburgh. 

Grou, Paut (M-9), 5700 Roosevelt Road, Chicago. 

Haun, C. (Jr.-11), 902 North Seventeenth Street, Cedar Rapids, | 

HAMERLY, Frep (M-10), 5424 Third Ave., Moline, IIl. 

Hamitton, A. L. (A-11), 17 Gramercy, New York City. 

Harr, Davin P. (A-10), 3513 Woodward Ave., Detroit, Mich. 

Harrison, JAMES (M-10), 1101 Brushton Street, Pittsburgh. 

Haypock, Ropert S. (M-10), 248 W. 127th Street, Garwood, N. J 

HaAyNeEswortH, J. D. (A-10), 72 W. Adams Street, Chicago. 

HENDERSON, NorMAN H. (M-11), West Leechburg Steel Company 
Leechburg, Pa. 

Heyman, Il. W. (M-10), 253 Broadway, New York City. 

HoLLaANb, Grorce F. (M-10), c/o Butterfield & Company, Derby Li 

Hotmes, J. H. (M-9), 3612 Bates Street, Pittsburgh. 

JAcKMAN, Davin E. (A-10), 4924 Wallingford, Pittsburgh. 

JoHNson, Epwarp D. (M-11), 60 Twenty-seventh Street, Milwauke: 

Jounson, Jesse (A-9), 208 Franklin Avenue, Wilkinsburg, Pa. 

Jones, C. A. (M-11), 1111 South State Street, Syracuse, N. Y. 

KALMANSON,- BENJAMIN (M-10), Crucible Steel Company of America, 
burgh. 

KeLtey, R. B. (A-10), United Alloy Steel Corp., 614 Swetland Bldg 
Cleveland. 

Kinsey, W. (A-10), 1661 Jonathan, Cincinnati, Ohio. 

Kirk, R. M. (S-11), Hardite Metals Co., 1538 Center Street, Detro 

LEONARD, CHARLES F. (M-10), 25 Union Street, Worcester, Mass. 

Lester, H. H., Dr. (M-8), Watertown Arsenal, Watertown, Mass. 

Letz, Carry A. (M-10), Gurney Ball Bearing Company, Jamestown, 

Lorr, A. L. (M-10), Gananoque, Ontario, Canada. 

Lucas, Francis F. (M-10), 463 West Street, New York City. 

MacGrecor, A. R. (M-9), Westinghouse Elec. & Mfg. Co., East 
burgh, Pa. 

McConway & Torrey Company, (S-10), 48th Street and A. \ 
Pittsburgh. 

McE.roy, E. B. (M-9), Box 176, Midland, Pa. 

MaA.Ley, STANLEY (M-9), 1835 S. 56th Ct., Cicero, III. 

Matoneg, E. L. (A-9), Calorizing Co., 50 Church Street, New York. 









NEW MEMBERS 


REUBEN (M-10), 1966 Southport Ave., Chicago, Ill. 
~ WiuttiAM F. (M-10), Garwood Brass & Copper Company, Gar 
od, N. J. 
New A. (M-10), 246 Peck Street, Muskegon, Mich. 
L. C. (M-9), American Machinist, 10th Ave. and 36th St., New 
York City. 
J. W., Jr. (A-11), 717 Fletcher Trust Bldg., Indianapolis, Ind. 
ey, A. A. (S-9), Cleveland File Company, Cleveland, Ohio. 
s, GeorGE M. (M-10), Crown Cork & Seal Company, Baltimore, Md. 
W. W. (A-9), 6938 McPherson Blvd., Pittsburgh. 
s, GeorGE T. (M-10), 602 East Street, Three Rivers, Mich. 
rvy, ANTHONY (M-10), 5044 Seyburn Avenue, Detroit. 
rine, L. S. (A-10), 1234 Washington Blvd., Chicago. 
BERGER, ALBERT FRED (M-10), 410 Washington St., Milwaukee, Wis. 
ieELD, H. S. (M-10), 28 Linden Ave., Lansdowne, Pa. 
ENBACH, A. Roy (M-10), 307 Penn Avenue, Wilkinsburg, Pa. 
vreR, Oscar M. (M-10), 207 Sandusky Street, Pittsburgh. 
.pIsE, L. A. (M-10), 927 Twenty-fifth St., Moline, III. 
ver, W. F. (M-10), 1009 Monroeville Road, Turtle Creek, 
k, FreperrIcK H. (A-10), 4835 Second Blvd., Detroit. 
iEFF, IvAN (M-9), 549 W. Washington Blvd., Chicago. 
wsky, A. M. (M-10), 536 Greendale Avenue, Edgewood, 
EY, J. F. (M-10), Evangeline Iron Works, Ltd., Vinton, 
‘rDS, Davip J. (A-9), 907 Bessemer Bldg., Pittsburgh. 
rk, WitttAM G. (M-4), 241 Fulton Street, Jamestown, N. 
rs, Georce (M-9), 5700 Roosevelt Road, Chicago. 
James E. (M-10), 37 S. Seventh Street, Darby, Pa. 
LeonARD E. (M-10), Box 19, Newport News, Va. 
MELZ, CHARLES F. (M-10), Curtis & Curtis Company, Bridgeport, Conn 
uLz, H. B. (M-9), Illinois Steel Company, S. Chicago, III. 
FF, Howarp (M-11), 1440 Broadway, New York City. 
(mons, O. G. (M-10), National Tool Company, Cleveland. 
MONS, RAymMonpb S. (M-10), Monesson, Pa. 
H, Ernest L. (A-10), 2-220 General Motors Bldg., Detroit. 
H, W. P. (M-4), 244 Brown Avenue, Turtle Creek. Pa. 
CKER, F., Jr. (M-10), 207 Sandusky St., Pittsburgh. 
EMAN, Henry J. (M-10), The Locke Steel Chain Co., Bridgeport, Conn. 
ENSON, R. R. (M-10), 216 Valley Street, McDonald, Pa. 
Howarp W. (M-10), 37 Lombardy Street, Lancaster, Pa. 


RACK, J., Jr. (M-10), Ingersoll-Rand Co., Athens, Pa. 

vson, C. I. (A-10), 555 Beautait Ave., Detroit. 

‘LE, N. F. (A-10), 1274 Ontario Street, Cleveland. 

NSEND, MatHew M. (M-10), 260 Gross Street, Pittsburgh 

MBAUER, W. L. (M-10), Bethlehem Steel Co., Bethlehem, Pa 
HarpwareE Company (S-10), Torrington, Conn. 


\. C. (M-9), 43 Somerset Street, Springfield, Mass 
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WATERHOUSE, Pror, GrorcGe B. (M-10), Massachusetts Institute 
nology, Cambridge, Mass. 

WrEAVER, ALFRED J. (M-9), 85 Grandview Terrace, Hartford, Com 

Wetcu, HuGu L. (A-10), 1504 Broadway, Detroit. 

\WerYDELL, AxeL (M-9), 419 E. North Street, Indianapolis, Ind. 

WHALAN, JosepH P. (M-10), American La France Fire 
Bloomfield, N. J. 

Wricut, CHARLES L. (M-4), 714 Second Street, Watervliet, N. \ 

Younc, R. S. (M-10), 107 Buena Vista Avenue, Yonkers, N, Y. 

ZETTENWALL, G. A. (M-7), 35 Olive Street, New Britain, Conn. 


ot 


Engin 


CHANGES OF ADDRESS 


BApGER, -\. C. trom 49 Parker Street, Watertown, Mass., to Younestow 
Sheet & Tube Company, Youngstown, Ohio. 

BouNner, C. M, from 143 Hall Street, Akron, Ohio, to 524 West 
Street, New York City. 

CHAMBERS, A. A. from 225% Thirty-second Street, Milwaukee, Wis. 
Willis Avenue, Youngstown, Ohio, 

EcKENRODE, C. A. from 351 Darrah Street to 3382 Webster Avenue, Pitt 
burgh. 

FAULKNER, B. from 69 Donlands Avenue to 606 Greenwood Avenue, 
ronto, Ont. Canada. 

GotpcAmMp, C. F. from 337 Atwood Street to 65 Parkview Avenue, Pitts 
burgh. 

(GREEMAN, O. W. from 1933 College Avenue to 1441 East 11th Street, 
dianapolis, Ind. 

Harrity, E. E. from 107 Camp Avenue to 626 Fourth Street, Braddock, Pa 

Jayme, W. A. trom 1120 Piedmont Avenue, Canton, Ohio to Crucible Steel 
Co., of America, Thirtieth and Smallman Streets, Pittsburgh. 

KutTAR, P. from 204 Robinson Street to. 329 Meyran Avenue, Pittsburgh 

NickL_re, H, D. from 532 Beacon Street to 432 Marlboro Street, Boston 

Oxusen, G. Jr. from 1814 Farnum Street, Davenport, lowa, to 1317 Twenty 
Fifth Avenue, Moline, Il. 


Sisco, F. T. from P. O. Box 3, Waukegan, Ill. to Box 214, Dayton, Ohio 
Spencer, M. P. from 608 West Adams Street, Chicago to Halcomb Steel 
Co., Syracuse, N. Y. 


MAIL RETURNED 


J. N., Aeme Machine Company, Mishawaka, Ind. 








